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NCAPSULATED empyema that develops by pleural extension from 

a contiguous lung abscess, or generalized empyema, due to second- 

ary infection of a pleural effusion, the result of necrosis in the lung 

beneath, usually responds to the recognized methods of handling empy- 

emas in general and runs a comparatively benign course. Acute sup- 

purative pleuritis, however, that occurs with almost overwhelming sud- 

denness by direct rupture of a lung abscess through the visceral pleura 

is a vastly different affection. A discussion of a treatment for this last 
named condition is the purpose of this paper. : 

The pleural shock from sudden rupture of the lung abscess in con- 
junction with the exquisite intercostal pain that occurs from parietal 
pleural involvement is often extreme. Not rarely the illness has been 
interpreted as due to coronary occlusion and for many precious hours 
has been treated as such. The pleuritic pain greatly limits the depth 
of respiration. Marked dyspnea is immediately a prominent symptom. 
The patient almost at once seems overwhelmed. The lung is more and 
more compressed both by air trapped out in the pleural space through 
the patent bronchi in the abscess walls and by the copious serous effu- 
sion issuing from the pleural surfaces. At the same time the medi- 
astinum steadily shifts to the opposite side at the expense of the contra- 
lateral lung which, with all the aid the heart can furnish it, is already 
trying desperately to supply the rapidly increasing cerebral and cireula- 
tory appeal for more oxygen. The culminating burden that cannot long 


Read before the Twentieth Annual Meeting of the American Association for 
Thoracic Surgery at Saranac Lake, N. Y., May 31, June 1 and 2, 1937. 


465 





464 THE JOURNAL OF THORACIC SURGERY 


be supported is the development of toxemia secondary to the pleuritis 
that insidiously makes more and more insistent demands for the little 
oxygen that remains available. 

Sergent and Iselin’ in their paper on pleural effusions with lung ab- 
seess, delivered before this Society in 1938, limit their consideration of 
acute suppurative pleuritis or ‘‘pleural phlegmon”’ as they term it, to 
these words: pleural phlegmon ‘‘we shall not discuss; the classical 
variety represents an almost invariably fatal complication.’’ The ex- 
perience of American surgeons in dealing with this condition has been 
more fortunate. Neuhof and Hirshfeld? in their excellent publication 
on the diagnosis and treatment of so-called putrid empyema made very 
emphatic the lifesaving importance of immediate and wide open drain- 

















Fig. 1.—Wide exposure insuring complete dependence even following rise of diaphragm. 


age of the pleural fluid secondary to ruptured lung abscess. The most 
successful of us, however, still finds high mortality. 

The situation even before the advent of toxemia is one of extreme 
emergency. But it is inevitable that the serious mechanical distress of 
the first few hours will soon be fearfully enhanced by the suppurative 
pleuritis that is, almost from the time of rupture, steadily but inexor- 
ably advancing. 

The earlier that immediate and complete evacuation of this highly in- 
fectious necrosis-producing fluid is accomplished and some means is 
taken to prevent its reaccumulation, the greater will be the percentage 
of recoveries. The time element is even more important than with the 
notoriously serious ruptured gastric uleer. Rib resection and large tube 
drainage meet these requirements, and yet uniformly result in death 
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unless the thoracotomy opening is maintained airtight or nearly so. 
The mediastinum has had no time to stiffen, and, as Graham* proved 
years ago, not only has the homolateral lung been still further collapsed 
but so has the contralateral one, as the mediastinum in inspiration shifts 
to the opposite side. This increased reduction in vital capacity through 
the sucking thoracotomy wound is not borne. 

Aspiration by needle is but a makeshift in these cases. Immediate, 
complete, and permanent pleural emptying is essential. Moreover, cellu- 
litis of the chest wall following needle aspiration, despite all precautions 
to prevent its occurrence, is very frequent with this foul, often 
anaerobic, infection. Airtight intercostal tube drainage does not afford 
an opening sufficient to drain such material adequately and with com- 











Fig. 2.—Adequate exposure of site of abscess rupture permitted by this incision. 


plete dependence. In addition, if inadvertently the tube becomes kinked 
or occluded, the pus, even the air from the pleural cavity as the patient 
coughs or strains, may enter the soft tissues deep to the fascia. The 
infection under the deep fascia spreads with appalling swiftness and is 
almost invariably fatal. 

In our attempt to unite these two prime requirements, namely, (1) 
immediate wide open and dependent drainage and (2) maximal elimina- 
tion of inspiratory suction at the drainage opening, we adopted the fol- 
lowing simple procedure: through a long curvilinear incision four or 
five inches of the rib which is found to be at the very bottom of the 
pleural mixture of abscess contents, pleural effusion, and air, is resected 
at the lateral border of the erector spinae muscles. The rib resection 
thus is from a point close to the vertebral transverse process laterally 
nearly to the posterior axillary line. The parietal pleura is slit wide 
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open throughout the extent of the rib resection. The depressed dia- 
phragm is on a level with the distal end of the parietal pleural opening. 
As the diaphragm rises following the removal of the fluid, the thoracot- 
omy opening, which follows the diagonally upward course of the rib 
removed, still maintains the level of complete dependence even to the 
top of the diaphragmatic dome. 

We feel that it is of vital importance not to attempt to enlarge the 
opening in the peripheral wall of the lung abscess itself at the time of 
the pleural drainage. The patient can withstand but a minimal amount 
of violence at this period. It is absolutely essential that at the earliest 
possible moment the sucking wound of the chest wall be closed. As 
Eggers* has emphasized, moreover, the majority of lung abscesses that 
rupture through the visceral pleura recover if the pleuritis itself is sus- 
tained. In one of our eases, three days following the above mentioned 


Fig. 3.—Large dressing applied to incision with weight of patient against it. 


procedure with wound edges well separated by retractors, the wide open- 
ing at the site of abscess rupture was plainly visible. With no anes- 
thesia at all it was easy to excise sloughing pieces of lung tissue and to 
control lung drainage until all nonviable tissue had separated. 

Immediately following the wide incision of the parietal pleura, with 
the introduction of no drains at all, a very large thick dressing previ- 
ously made ready is applied over the opening even as the pus pours out, 
and then the patient is promptly placed on his back. The weight of his 
body plus the immediate saturation of the dressings at once closes the 
opening so that to all intents and purposes it is airtight, and yet all 
the pleural fluid is evacuated and does not reaccumulate. 

After three or four days the soft tissues tend to occlude the drainage 
opening. We then insert six or eight one-inch Penrose drains, fastened 
together with one safety pin. These occasion the patient little discom- 
fort and afford complete and adequate exit for the pus. 
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Parenthetically, since Penrose drains have proved so valuable in rapid 
lung reexpansion following ruptured lung abscess, we have tried them 
in approximately twenty-five cases of comparatively early postpneu- 
monic empyema where the presence of pus between the pleural leaves 
has not been of sufficiently long standing to cause marked resistance 
by the visceral pleura to lung reexpansion on evacuation of the empy- 
ema. The use of Penrose drains rather than stiff rubber tubes has 
offered so little resistance to the approximation of the pleural leaves 
that often within forty-eight hours the lung is out to the chest wall, and 
breath sounds come through quite distinctly since these soft Penrose 
drains are squeezed snugly between the parietal and visceral pleura by 
the reexpanding lung, offering minimal interference to complete lung 
expansion. When a considerable series of these postpneumoniec empy- 
emas have accumulated, they will be reported in detail. 














Fig. 4.—Multiple Penrose drains to maintain adequate chest wall opening, to eliminate 
tube pressure on lung and diaphragm, and to minimize respiratory suction. 


In returning to acute suppurative pleuritis following ruptured lung 
abscess, the following cases are reported. 


CASE 1.—E. S., male, 35 years old. There was lung abscess Dec. 22, 1953, pos- 
terior to hilum, right lung, as established by vomica and x-ray fluid level. After 
three days of constant productive cough, sudden extreme pain from the scapular 
region referred forward around right chest, and there was marked dyspnea. The shock 
and dyspnea were so great that death seemed near during the first few hours fol- 
lowing lung rupture. 

A positive diagnosis was made of hydropneumothorax six hours later by aspira- 
tion of foul turbid watery fluid. Operation followed immediately. Four-inch 
sections of ninth and tenth ribs were excised from the border of the erector spinae 
laterally. The intercostal bundle was excised. The entire lung appeared two-thirds 
collapsed. In this first case, two thumb-sized black rubber tubes were inserted and 
placed under water in a bedside bottle. Dry gauze was placed tightly around tubes. 
A large dressing and adhesive were used in an attempt to seal off the chest wall 
opening completely except for the rubber tubes mentioned above. By constant 
supervision and the weight of the patient’s body against the dressing, this open- 
ing was kept reasonably tight. The greatest difficulty was the presence of the 
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rubber tubes extending out through the dressing and partially kinked by the 
patient’s body weight. Anoxemia and toxemia were extreme for five days; follow- 
ing this, improvement was rapid and uninterrupted until recovery. 


CASE 2.—E. S., male, 24 years old, was sick one month following vomica. X-ray 
fluid level indicated a lung abscess in the right lower lobe. On Jan. 24, 1936, sudden 
frightful pain occurred involving the entire lower right half of chest. Profound 
shock developed rapidly. Four hours after onset, there was external drainage. Five 
inches of the ninth rib were excised from the transverse process laterally. Pleura was 
widely opened, and there was tremendous outpouring of pus and inrushing of air. 
Shock and anoxemia almost overwhelmed the patient at this time. Without insertion 
of drains, an enormous dressing previously prepared was placed at once over the 
large pleural opening on the posterior chest wall. The patient immediately turned 
upon this dressing without taking time to apply binder and was put in the oxygen 
tent at once. 

The improvement in this patient was the most striking of all. In twelve hours 
breathing was comparatively easy; in forty-eight hours he seemed definitely out of 
danger. On the fourth day, six one-inch Penrose drains were inserted through the 
pleural opening. On the fifth day, retraction of wound edges showed a large clean 
opening representing the roof of the lung abscess. Lung tissue beneath was com- 
paratively clean. No slough was excised. The cough ceased on the eighth day. 
The patient was discharged from the hospital fifteen days after admission, with 
lung almost completely reexpanded though bronchopleural fistulas were still audible. 

CASE 3.—C. T., female, 24 years old. Vomica, x-ray fluid level proved a lung 
abseess in the right lower lobe. On the morning of Dec. 19, 1936, rupture took 
place through the visceral pleura. Excruciating pain occurred over the entire right 
side, lower half of chest, followed by immediate shock. Patient raised, almost con- 
tinuously, foul thin watery material. Six hours later, operation was performed in 
bed. Four-inch sections of the seventh and eighth ribs from the posterior axillary 
line were removed mesially. Six large Penrose drains, fastened together with a 
safety pin, were inserted. A very large dressing was immediately applied and, with 
patient in semirecumbent position, was placed directly against this opening and 
kept in that position. There was almost no audible sucking through the wound. 
Improvement was evident at once, and the patient was definitely improved within 
forty-eight hours. On the seventh day, the wound edges widely separated. A hole 
in the lung abscess was distinctly seen. Sloughing material was trimmed off with 
scissors. Coughing ceased and, despite bronchopleural fistulas, the lung almost com- 
pletely reexpanded on Jan. 10, 1937, twenty-one days following drainage. 


Unfortunately, we have but these three cases to report. To wait for 
a considerable series to accumulate would mean long postponement of 
this paper. We feel that the results justify early emphasis. The im- 
portant factors which presumably have favored recovery are: (1) im- 
mediate operation; (2) large chest wall opening just lateral to costal 
vertebral gutter at the most dependent level of accumulated pleural 
fluid; (3) immediate application of thick voluminous dressing without 
insertion of drains; (4) placement of patient in semirecumbent position 
on his back against this dressing in order to make it at once airtight; 
(5) insertion of several Penrose drains when pleural and soft tissue 
edges interfere with continuous drainage; (6) postponement of lung 
visualization and enlargement of abscess opening until patient recovers 
from initial shock. 
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DISCUSSION 


DR. H. C. BALLON, Montreal, Canada.—I should like to ask Dr. Dolley if he 
proposes to employ this operation in the treatment of a pleural effusion complicating 
putrid lung abscess. I refer to the type of case in which the abscess also constitutes 
a problem after the effusion is drained. I have in mind too those instances when 
drainage and not compression of the associated lung abscess is the problem. 


DR. HOWARD LILIENTHAL, New York, N. Y.—I was very much interested 
in this paper. I agree that cases of this sort should be reported without waiting 
until a larger number have been collected. 

I approve absolutely of this method in the cases in which it was used by Dr. 
Dolley. That it is universally applicable, I am not so sure. It will depend upon 
the individual patient. 

The matter of anesthesia, for example, is very important. I like to do operations 
with local anesthesia, if possible, especially in children, because there is always the 
danger in general anesthesia of infecting the opposite lung. 

There is one point that Dr. Dolley made in the beginning, and while it has 
nothing to do with this treatment, it has much to do with the disease itself and 
its diagnosis. I have spoken of precaution in aspirating in a case of this kind, 
and of the number of consequent phlegmons of the chest wall which are fatal be- 
cause they are not discovered until they approach the surface, although they begin 
in the deeper layers of the cellular part of the chest wall. I have seen many. 
I would once more advise, therefore, the following method of aspiration whether 
you think that the collection is putrid or not. 

When you have made an aspirating puncture, whether you find fluid or not, the 
syringe should be disconnected from the needle, still in the suspected tissues, 
emptied, a little alcohol put into the barrel, reconnected with the needle, the aleohol 
gently injected into the chest wall during the removal of the needle. There will 
be no phlegmon following aspiration done in this way. 


DR. JOHN V. BOHRER, New York, N. Y.—I wish to mention and recommend 
the use of zine peroxide, as advised by Dr. Frank Meleney of New York City. This 
substance is a non-water-soluble whitish powder and, when applied to a wound, 
gives off oxygen for a number of hours. It is most efficacious in controlling putre- 
factive anaerobic infections, such as are often encountered following ill-advised 
chest aspirations of putrid pus, or following operations for drainage of putrid pus. 

I did a lobectomy for a central abscess of the left lower lobe, the urgent symptom 
having been a repeated and uncontrollable hemorrhage. The patient developed a 
severe putrefactive infection of the chest wall, which progressed rapidly. The tissue 
simply ‘‘melted away’? in spite of the ordinary treatment for such wounds. Zine 
peroxide was used with most satisfactory results. I am sure the patient would not 
have survived if this substance had not been available. 

Zine peroxide may be used inside the pleural cavity, but it is sometimes removed 
with difficulty. I can recommend this substance as a great addition to our arma- 
mentarium for the control of these chest wound phlegmons. 
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DR. FRANK S. DOLLEY.—I am glad that Dr. Ballon brought up the question 
concerning the care of the ruptured lung abscess itself at the time of the initial 
operation for pleural drainage. It gives me an opportunity to re-emphasize the 
vital importance to the patient of minimizing the extent of the surgery at this 
crucial moment. It is my conviction that a considerable percentage of the European 
fatalities has been largely due to the fact that the surgeons have tried to unroof 
the lung abscess at the time of the drainage of the empyema. These patients are 
already appallingly anoxemic. The sudden wide opening made in the chest wall 
precipitates under the most favorable conditions a fearful decrease in the amount 
of oxygen available to the patient even with the most extreme inspiratory effort. 
This external opening must be blocked at the earliest possible moment. Not minutes, 
but seconds, are valuable. Using retractors to expose the lung widely and spending 
several minutes in identifying and trimming off necrotic lung tissue, I believe, not: 
only is unwarranted at this time but also is probably the deciding incident in the 
fate of the patient. It is infinitely safer to wait one or more days before attempt- 
ing to deal with the abscess itself. 

Dr. Lilienthal spoke of the anesthesia for these desperately sick people. We use 
only a local, 1 per cent novocaine; and often transfer the bed itself to the operating 
room in order to minimize any effort that would be required on the part of the 
patient in moving from the bed to the stretcher and thence to the table. Even 
this small amount of increased exertion might demand more oxygen than there is 
to spare. In one case we operated with the head of the patient in an oxygen tent. 
If operation is not immediately to follow diagnostic aspiration of the pleural fluid, 
we inject iodine along the tract as we remove the needle through the soft tissues. 
We have found iodine to be as efficacious as any other fluid in the prevention of 
cellulitis following this procedure and the least irritating of any we have tried. 


Dr. Bohrer’s discussion concerning cellulitis of the chest wall is an important 
one. Advancing cellulitis, secondary to needle aspiration in the presence of putrid 
empyema, if not controlled immediately is almost invariably fatal. It is our practice 
if operation for one reason or another cannot be promptly performed, to have an 
intern or nurse check every hour for beginning cellulitis. When it is evident that 
infection is starting to spread beneath the deep fascia, operation is at once impera- 
tive. In a comparatively small area, incision is carried well through this area 
of soft tissue inflammation, the edges are undermined and held apart by Penrose 
drains. If it has become extensive, however, we believe that enormously long 
incisions with elevation of the flaps by strong blunt dissection cause so much 
damage to those barriers which nature is raising against the spread of this in- 
flammation that this surgical procedure itself and the subsequent increased absorp- 
tion that follows it rapidly overwhelm the patient. 

There was no cellulitis of the chest in the cases described in this paper. The 
patients were operated on immediately following aspiration. But in the other types 
of empyema where cellulitis has developed, we have attempted to minimize the surgi- 
cal trauma incident upon wide opening of these areas of cellulitis by making a series 
of transverse incisions, one at the most dependent part of the cellulitis, and others, 
as indicated, several inches above and parallel to this lowest one. Penrose drains 
then are very gently slipped from below upward, a matter only of two or three 
inches, in the attempt to completely separate the roof from the floor in the infected 
area. Usually this halts the advancing process. Injury of lymph and blood vessels 
is minimized. 





PRIMARY CARCINOMA OF THE TRACHEA* 
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RIMARY tumors of the trachea constitute a comparatively rare 

group of lesions that are of particular clinical and pathologie inter- 
est. The clinical aspect is concerned with methods for making a correct 
early diagnosis and instituting more effective treatment, while the patho- 
logic problem centers about the morphology of the tumor and its pos- 
sible malignant tendency. This brief report is confined to the pathology 
of carcinoma of the trachea. An attempt will be made (1) to review the 
literature, (2) to make an analysis of the types of primary carcinoma 
that already have been described, (3) to record the anatomic findings in 
two additional cases. 

As early as 1767 Lieutaud® described a fibroma in the trachea as an 
incidental autopsy finding. No other tumors were described until after 
the introduction of the laryngoscopie mirror in 1854. Rokitansky'™* 
reported an autopsied case in 1857 which was one of the first malignant 
tumors to be observed. Tiirck’® in 1861 first utilized the newly discov- 
ered indirect laryngoscopy to diagnose a tracheal growth in the living 
subject, but Langhans” in 1871 was the first to report a primary ear- 
cinoma confirmed by detailed histologic study. 


The development of the bronchoscope did much to aid the early and 
accurate diagnosis of these tumors. Killian’® first diagnosed a primary 
tumor of the trachea by endoscopy. Reports of tracheal growths became 
progressively more frequent with improved laryngoscopie and broncho- 
scopic methods and with more complete postmortem studies. 


INCIDENCE 


In 1898 von Bruns'* assembled the available statistics on primary 
tumors, in general, after having observed 7 such cases. These were 
classified as shown in Table I. They totaled 147 cases, of which 21 per 
cent were carcinomata. Krieg? made the next comprehensive study 
in 1908 and found a total of 201 cases with no appreciable change in 
the proportion of carcinoma. Fifty-one additional newgrowths were 
collected by Lombard and Baldenweck”’ in 1914, while in 1929 D’Aunoy 
and Zoeller*? presented the last exhaustive survey of the subject with 
a total of 351 cases. These included 91 instances of carcinoma (see 
Table I). 


*From the Pathological Institute, McGill University. Professor Horst Oertel, 
Director. 
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An attempt has been made to complete these general statistics by in- 
eluding all the reported primary growths to the end of June, 1936. 
The classification used in the previous studies has been followed as 
closely as possible. Most of the literature during the past seven years 
has dealt with malignant tumors. Of the 82 new eases of primary 
erowths recorded during this period, 56 were described as carcinomata. 
Of the total 433 primary tumors on record at the end of June, 1936, 
147 (or 34 per cent) were carcinomata (see Table I). 


TABLE I 


PRIMARY TRACHEAL TUMORS 








LOMBARD & |D’AUNOY &| PRESENT 

702 5 

ees _ og BALDENWECK| ZOELLER | STUDY 
1914 1929 1936 


Fibroma 23 25 29 33 36 
Papilloma 33 41 51 59 63 
Lipoma 4 5 5 5 
Chondroma, osteoma, tra- 42 47 65 71 
cheopathia osteoplastica 
Adenoma é 6 
Lymphoma 2 
Intratracheal goiter 14 
Amyloid tumors - 
Mixed tumors - 
Angioma -- 
Cylindroma ue 
Sarcoma 21 
Carcinoma 40 
Carcinosarcoma - 
Endothelioma - 
Histology undetermined or 6 
doubtful 
Total 147 201 252 351 
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Although primary carcinoma appears to be the most frequent type 
of malignant tumor of the trachea, the following observations indicate 
that it is of relatively rare occurrence. In 5,063 autopsies Fraenkel*° 
found 7 eases. This is the highest percentage (1.4) of any series on 
record. From 1918 to 1930, Figi*® reported 5 patients with primary 
carcinoma at the Mayo Clinic. D’Aunoy and Zoeller*' were able to find 
only one ease at the Charity Hospital of New Orleans over a period 
of twenty-three years. They point out that statistics from the Patho- 
logical Institute of Basle for thirty-five years showed only one growth 
of tracheal origin out of 1,078 cases of malignaney. Broman* added 
one case from a_series of 545 malignant growths found at autopsy at 
the Cook County Hospital, Chieago. Bilz? found none of tracheal 
origin among 700 cases of carcinoma at the University of Jena. Bejachs' 
was unable to find any among 1,300 cancer autopsies at the Berlin Charité, 
and Mielecki’? was also unsuccessful in his review of 560 cancer pa- 
tients. Stenn''* contributed the only case at the Billings Hospital, 
Chicago, and cited Lund as having found 2 eases in 25,000 autopsies 
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at the Philadelphia General Hospital from 1867 to 1934. He also 
noted that Symmers found none at the Bellevue Hospital, New York, 
that Evans found none in 12,000 autopsies at the Los Angeles County 
Hospital, and that Wright found none in 5,000 autopsies at Guy’s Hos- 
pital, London. 

A personal survey yielded no primary carcinoma of the trachea in 
15,000 autopsies at the Johns Hopkins Hospital, Baltimore, none in 
7,000 autopsies at the Baltimore City Hospitals and none in 3,900 
autopsies at the New Haven Hospital. The cases herein reported are 
(1) the only carcinoma of tracheal origin in 9,000 autopsies at the 
athological Institute of MeGill University, Montreal, and (2) the only 
one in 12,700 autopsies at the Montreal General Hospital. 


CLINICAL ANALYSIS 


There is very little about the clinical picture of the disease which 
is characteristic. A multitude of initial symptoms has been described 
for the various cases in this series, but none are indicative of ear- 
cinoma per se. The commonest early symptom was a tickling sensation 
in the traehea, followed by an irritating cough and persistent hoarse- 
ness (due to pressure on the recurrent laryngeal nerve). In some in- 
stances, however, this entire phase was lacking, and the earliest symp- 
tom was dyspnea or hemoptysis. 

According to Jackson‘ the chief symptoms of any tracheal tumor are: 
(a) wheezing respiration, (b) nocturnal attacks of dyspnea, (¢) dyspnea 
on exertion, (d) asphyxia, unless averted. Gilfoy®? claimed that the 
symptom complex of intermittent dyspnea, cough, perhaps occasional 
hemoptysis, apparent good health and absence of obvious intrathoracic 
signs suggests a tumor in the tracheobronchial tree and warrents endos- 
copy. Because of the mildness of early symptoms, most patients failed 
to seek medical attention until the process was advanced. The chief 
diagnostic distinctions were asthma, the more common mediastinal 
tumors, carcinoma of the esophagus, empyema, bronchiectasis, pul- 
monary abscess, pneumonia, and enlarged thyroid. All writers agree 
that diagnosis depends upon the combined methods of palpation, x-ray, 
laryngoscopy, bronchoscopy, esophagoscopy, and occasionally open ex- 
ploration. 

Almost every conceivable form of therapy has been tried, varying 
from the more simple endoscopic measures to radical surgery. Figi*® 
offered the following as a summary of the treatment of tracheal ear- 
cinoma: (a) Lesions in the upper half are best treated surgically with 
exposure of the growth by tracheofissure and destruction of it with 
electrocoagulation. A large tracheal tube is then worn from six months 
to one year and simplifies later treatment if necessary. (b) Excision 
of a segment of trachea has been carried out in some cases but seems 
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to offer no better results than diathermy and involves greater risks, 
(c) Implanted radium and surgical diathermy are recommended for the 
lower half of the trachea. (d) In all cases the regional glands should 
be given radium or deep x-ray therapy. 

Regardless of the treatment, the prognosis for carcinoma of the 
trachea is generally very poor. Apparently the only real hopes for 
cures are the early lesions in the upper half, and even then the disease 
is not recognized usually until well advanced. Most patients in this 
series died within one year, but a few isolated patients were living as 
long as seven years after the initial treatment. 

The terminal event was usually (1) suffocation, (2) pneumonia, fre- 
quently in instanees of tracheoesophageal fistulas, (3) massive hemor- 
rhages. 

PATHOLOGIC ANALYSIS 

Data concerning carcinoma are frequently misleading because ac- 
curate clinical diagnoses are seldom made, histologic reports are meager 
and postmortem confirmation is often lacking. It is possible that some 
eases in this review should not have been included, while other cases of 
mediastinal tumors of uncertain origin should not have been omitted. 
Such errors of commission and of omission probably would about balance 
each other. This analysis is based, therefore, on a review of the 147 
recorded eases. 

A. Age Distribution —The youngest patient on record was a girl 18 
years of age, while the oldest patient was an 82-year-old man. Of the 
111 reports in which the patient’s age was given, 100 cases (90 per cent) 
were distributed fairly equally among persons between 30 and 70 years 
of age with only slightly increased frequency in the fifth and sixth dee- 
ades (see Table II). 

B. Sex Distribution.—Practically every reviewer has emphasized the 
marked predominance of males as victims of tracheal cancer. Sex was 
recorded in 116 eases of the present series and, of these, 63 per cent oc- 
eurred in men (see Table IT). 


TABLE II 








SEX METASTASES TOTAL 

MALE FEMALE | NOT GIVEN | PRESENT NONE NOT GIVEN CASES 
10-19 0 1 0 0 1 0 
20-29 4 1 0 4. 3 1 
30-39 11 9 0 9 8 3 
40-49 14 14 0 14 8 
50-59 21 0 18 6 
60-69 15 6 0 14 3 
70-79 3 1 0 3 0 
80-89 1 0 0 1 0 
Not 4 1 31 2 0 

given 


Total E 43 31 62 29 





AGE 
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C. Location of Tumor.—The trachea has been divided arbitrarily into 
the upper, middle, and lower thirds. Carcinoma occurred most fre- 
quently near the bifureation, i.e., in the lower third. Next in frequency 
was the upper third, and least often it was situated in the middle por- 


tion (see Table IIT). 
TABLE IIT 








ANTERIOR -OSTERIOR 

Annubar | ANTERIOR ae * lposrERIOR| § ais * | LATERAL TOTAL 

Seer kore SBI i WALL ra ONLY CASES 
LATERAL LATERAL 


4 | 10 | 45 


Upper a 3 5 11 
third | 
Middle 2 0 5 | 1 
third 
Lower y 10 4 
third 
Not 1 1 
given 
Total 16 10 
































The tumor formed an annular mass about the trachea in only five in- 
stanees. It was usually a well-localized process in the wall similar to the 
first ease herewith reported (see Fig. 1). By far the commonest area for 
involvement was the posterior wall alone, and when combined with those 
involving both the posterior and lateral walls, these tumors constituted 
55 per cent of all the cases in which an accurate location was given (see 


Table ITT). 


According to this study, therefore, the commonest site of carcinoma of 
the trachea is in the posterior wall of its lower third. 


Strauss'* expressed the belief that the frequent involvement of the 
posterior wall is due to the drainage of lymph posteriorly. Von Bruns'** 
and Schrotter’”® attributed it to the predominance of glandular epi- 
thelium in the posterior wall, in contrast to the cartilaginous nature of 
the anterior wall. On the same basis they explained the infrequeney of 
circumferential growths. Simmel’ claimed that the lower third of the 
trachea is most exposed to trauma and upon this basis explained the fre- 
queney of tumor growths in this region. 

D. Metastases ——Of the 147 cases reviewed, metastases were mentioned 
as being present or absent in only 91 instances. In 62 cases (68 per cent) 
metastases were described, while they were definitely absent in only 29 
eases (see Table II). There seems to be no correlation between the inci- 
dence of metastases and age periods. Thus the decades in which ear- 
cinoma is most frequent show a corresponding increased incidence of 
metastases. 

It isa peculiar feature that the commonest type of carcinoma to metasta- 
size was the squamous cell variety. Of the 38 cases recorded, 23 had 
definite metastases (see Table IV). 
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The site of the secondary growths varied greatly, but they were usually 
regional, involving the esophagus (other than by direct extension), the 
mediastinal, peribronchial and ecervieal glands, and oceasionally the 
lungs. Isolated instances of metastases to the skeleton, gastrointestinal 
tract, liver, spleen, pancreas and kidneys were recorded also. As 
D’Aunoy and Zoeller*! pointed out, these tumors are in contradistinetion 
to the laryngeal carcinomata which rarely metastasize and show a predi- 
lection for a certain limited number of organs. It appears that primary 
carcinoma of the trachea may be associated with secondary growths in 
any tissue or organ. 

E. Histogenesis.—According to Maximow,! the epithelium of the 
trachea is of the ciliated, pseudostratified, columnar type and rests on a 
distinct basement membrane. Numerous goblet cells are scattered 
throughout this epithelium, and the lamina propria contains many small 
glands like those of the larynx. These glands are mostly external to the 
elastic fibers and open by short ducts on the free epithelial surface. With 
this histologic structure in mind, one would expect the adenoma and 
adenocarcinoma ¢ell to be a frequent constituent of tumors of the trachea. 
Thus Langhans” in 1871 made the first important histologic study of 
tracheal carcinomata and concluded that most of them were derived from 
the epithelial cells of the mucous glands. This view was supported by 


122 


the later investigations of Virchow'?? and Hamacher.*® 


TABLE LV 








NOT TOTAL 


DIAGNOSIS METASTASES NONE 
GIVEN CASES 








Definite Morphology: 
Squamous-cell carcinoma 
Adenocarcinoma 
Basal-cell carcinoma 
Cylindrie-cell carcinoma 
Columnar-cell carcinoma 

Uncertain Morphology: 
Alveolar carcinoma 
Papillary carcinoma 
Medullary carcinoma 
Scirrhus carcinoma 
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Unclassified : 
Carcinoma 6 
Epithelioma 1 

Total 29 
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Considerable confusion then resulted from the contradictory state- 
ments of later authors concerning the predominant cell types in these 
tumors. Oppikofer®> considered the squamous-cell carcinoma to be the 
most common, while Fraenkel*®® openly disagreed. Kaufmann,* quoting 
Nager, Oestereich, Schmiegelow and Kahler, thought the squamous cell 
variety was the one most frequently encountered, while Figi*® contended 
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that adenocarcinoma was the most common. Hence the literature offers 
a host of couflicting statements which have not been clarified in the more 
recent pathologie text and reference books. 

A histologie survey of the 147 cases was attempted, but, because of dif- 
ferences in terminology and the lack of adequate microseopic data, many 
cases were very difficult to classify accurately. Furthermore, earlier ob- 
servers followed a very indefinite classification of cancers. Some were 
diagnosed on a morphologic basis (which is the only acceptable method), 
while other authors described only the general tumor cell arrangement 
and were content to identify the growths merely as carcinoma or epithe- 
lioma (see Table IV). 

In general, the carcinomata seem to fall into two main groups, those 
arising from (1) glandular epithelium and (2) surface epithelium. The 
predominant cell in the latter group may be columnar, cylindric, basal, 
or squamous. Of these, the squamous-cell carcinoma is the most common. 
Thirty-eight unquestionable cases were found in this series. Only 26 
definite adenocarcinomata were found, but it is probable that many of 
the alveolar and medullary growths belong in this group (see Table IV). 
It is noteworthy that the adenocarcinoma does not predominate as the 
early writers believed, but it would appear that the squamous-cell ear- 
cinoma is equally as common. 

It is not difficult to explain the occurrence of the adenocarcinoma. It 
arises from the mucous glands of the trachea. “The presence of mucoid 
secretion is noteworthy evidence. Inasmuch as no squamous epithelium 
is found in the normal trachea, the occurrence of squamous-cell tumors 
presents a morphologic problem. Two schools of thought have evolved, 
each supported by histologie evidence. 

(1) Drasch in the Anatomie Humaine (Poireo) pointed out that islets 
of squamous epithelium frequently oceur in the trachea as embryonic 
arrests. Such epithelial islands have been observed repeatedly by many 
investigators in the absence of neoplastic diseases. Inasmuch as both 
the trachea and the esophagus develop from the embryonic fore-gut, it 
is thought that nests of esophageal epithelium are included in the tissues 
of the trachea at the time it separates from the ventral portion of the 
esophagus. Reiche,!° Nager,®® Deland and MecFarland,*4 Heymann, 
and a few others were convinced that the tumors of their experience 
were best explained on the basis of Cohnheim’s theory of embryonal in- 
clusions. In the absence of any evidence of cellular metaplasia, this ex- 
planation seems quite justified. 

(2) Many tumors, however, showed unmistakable evidence of meta- 
plasia. Breslich®* was able to follow the steplike transition from colum- 
nar ciliated epithelium to squamous cells. The tumors reported by von 
Meyenburg,’”* Gilfoy,®? Baratoux,'’® Nielson,®! Barth,?? Teubert,’’* and 
Tiling’ also illustrated varying degrees of metaplasia. 
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Krompecher® studied basal- and squamous-cell carcinomata which oe- 
eurred in structures lined by columnar epithelium and decided that 
these tumors originated from proliferation of the basal cells. He claimed 
that these undifferentiated cells are morphologically similar to the basal 
cells of stratified epithelium and are distributed irregularly on the base- 
ment membrane of the mucosa between the cylindric cells. Normally they 
divide and differentiate into columnar epithelium to replace the lining 
cells which are injured or desquamated, but under certain conditions 
they may differentiate into transitional or stratified squamous epithelium 
and give rise to basal- or squamous-cell carcinomata. 

In the trachea of rabbits with acute inflammations, Kawamura® ob- 
served a metaplasia of columnar ciliated to transitional epithelium. 
Teutschlaender’ noticed that the bronchi of certain rats after broncho- 
pneumonia were lined by transitional or stratified squamous or even 
hornified squamous epithelium, and traced the development of these 
changes step by step from the basal cells. 

Goldzieher*® described parts of the bronchi of a patient who had died 
of diphtheria as being lined by a wide layer of basal epithelium. In 
different places this was covered by either cylindric or squamous cells. 
In his opinion these unusual changes resulted from a further differentia- 
tion of the proliferating basal cells to eylindrie or squamous types. 

Three squamous-cell carcinomata of the lung described by Siegmund*® 


developed in bronchiectatie cavities. The single-layered, cylindric, epi- 
thelial lining of the dilated bronchi was transformed into a many-layered, 
basal or transitional epithelium from which Siegmund thought the 
tumors originated. There can be no doubt, therefore, that metaplasia 
does occur in the epithelium of the air passages, and it seems probable 
that this frequently precedes neoplasia. Case 1 adds further support 
to this view. 


CASE REPORTS 


Case 1.—Clinical Course: This 68-year-old man had increasing dyspnea and 
dysphagia. for six months before coming to the hospital. Physical examination 
revealed marked respiratory stridor with indrawing of the intercostal spaces, ema- 
ciation, complete paralysis of the left vocal cord, slight left facial paresis and a 
firm nodule the size of a marble between the origins of the left sternocleidomastoid 
muscle; x-ray pictures showed displacement of the trachea and mediastinum to the 
right by a solitary dense shadow at the level of the third rib. Both lung bases were 
congested and there was a moderate polymorphonuclear leucocytosis. The clinical 
impression was a mediastinal tumor with lobular pneumonia. 

Because of the pneumonia, no instrumentation was attempted. The patient had 
a fever of 99° to 102° for the next three weeks with periods of temporary improve- 
ment following repeated administration of morphine and atropine. For several days 
he was able to take a semisolid diet fairly easily. He became progressively weaker, 
however, and had episodes of severe chest pain, persistent coughing and a low 
grade fever. He died forty-three days after admission to the hospital with the 
clinical picture of diffuse bronchopneumonia complicating a mediastinal tumor of 
unknown origin. 
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Postmortem Findings: (A-386-36) Exposure of the thorax showed the upper 
mediastinum to be the site of an extensive tumor mass. The trachea was displaced 
1 em. to the right of the midline by the tumor, and its lumen seemed to be narrowed 
to about half its normal size. 

On opening the larynx and trachea there was a firm, gray mass on the left 
lateral wall 5 em. below the vocal cords. This was 4.8 em. long and 2.5 em. wide. 
The tumor involved all coats of the trachea producing a firm, granular, ulcerated 
surface 3 cm. long and 1.6 cm. wide. The mass reached a level 2.4 em. above the 
left main bronchus (see Fig. 1). The transverse sections showed that the tumor 
extensively involved the left mediastinal tissues, forming an irregular, firm, gray 
mass 4.4 ecm. wide. This extended posteriorly 5.6 em. where it became firmly 
attached to the thoracic vertebrae (see inset Fig. 1). 

The left subclavian artery formed its left lateral border and was partly sur- 
rounded by the mass. The innominate artery extended up the right lateral border. 
The left common carotid artery was surrounded completely by tumor and crossed 
to lie beside the left subclavian. The left innominate vein was filled with a firm, 
gray thrombus resembling tumor tissue. The left internal jugular vein was dilated 
to 1.2 em. in diameter and was filled with laminated, pale and dark red clot. The 
other great vessels in the neck and mediastinum were free. 

Inferiorly the tumor extended to the aortic arch and superiorly reached the 
level of the isthmus of the thyroid, the left lower pole of which was adherent to 
the capsule. The supraclavicular lymph glands were dissected and found to be 
free of tumor. 

The esophagus was displaced to the left and formed the lateral border of the 
tumor in its lower half. The coats were invaded, producing a firm, gray, oval, 
nodular mass 3 cm. long and 2.8 em. wide, over which the mucosa was intact ex- 
cept for an area 6 mm. in diameter near its center (see Fig. 1). This showed a 
shallow defect, the floor of which was flat and pale gray. The esophageal lumen 
was narrowed to about half its normal diameter by the bulging tumor mass. 

On the posterior surface of the esophagus, 3.5 em. below the lower limit of the 
tumor, there was a small, gray, granular elevation 1 cm. long and 6 mm. wide. 
On section this appeared as an irregular thickening of the mucosa, while other 
coats were not definitely indurated. There was a similar, slightly smaller, granular 
area 3.8 cm. below this which also showed no evidence of induration (see Fig. 1). 
These two areas resembled metastatic growths, 

The right pleural cavity contained 175 e¢.c. of cloudy yellow fluid, and there 
were numerous loose pleural adhesions. There were also firm adhesions at the base 
of the left pleura. Both lungs showed the gross and microscopic picture of a 
diffuse aspiration bronchitis and purulent bronchopneumonia. 

Incidental findings included multiple gastric ulcers, glandular hyperplasia of the 
prostate, multiple false diverticula of the sigmoid, productive cholecystitis with 
cholelithiasis, focal arteriosclerotic gliosis in the right cerebrum, patchy pachy- 
meningitis hemorrhagica, and cloudy swelling of the parenchymatous organs. 

Tumor Histology: The upper two-thirds of the tumor consists of cells in loose 
alveolar arrangement. ‘These resemble transitional epithelium. They have large, 
pale, round, or oval nuclei with scattered nucleoli. There are many degenerating 
forms and the larger cell masses show central necrosis. Between these cells are 
a few, scattered, hyperchromatic, irregular, spindle-shaped nuclei without fibrils. 
In several places the apparently transitional cell replaces the marginal columnar 
epithelium of the trachea where the basement membrane is completely lost (see 
Fig. 4). 

Sections across the lower third of the tumor show masses of immature pave- 
ment epithelium with typical cancer whorls and abundant keratinization, replacing 
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A, The tumor mass 


_ Fig. 1.—Posterior view of the opened trachea and esophagus. 
displaces the trachea to the left, all coats are infiltrated and there is a = 
,» Metas- 


tion. B, Small erosion of the esophageal mucosa over the bulging tumor. 


tases in the lower esophagus. 

Inset represents a cross section at the level A, The tumor replaces the left 
tracheal wall and fills the mediastinum. The intact overlying esophageal mucosa is 
seen in the upper right, and the thrombosed left innominate vein is at the lower right 


border. 
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the tracheal coats and surrounding cartilaginous rings (see Fig. 2). These cells 
show no evidence of intracellular bridges. There is here an abundant, dense, 
fibrous tissue stroma. The immature squamous epithelium in places fuses with 
the immature transitional cells described above (see Fig. 3). The tumor cells 











Fig. 2.—Low power photomicrograph of a transverse section from the lower third of 
the tumor. The trachea above may be identified by the cartilaginous ring. The wall 
of the trachea is infiltrated with immature keratinizing squamous epithelium. The 
esophagus below is partly invaded by a solid mass of transitional epithelium. In the 
center of the picture is a zone of metaplasia. (X50). 


invade many mucous glands, but there is no evidence of mucoid secreting neoplastic 
forms. Many lymphatics are dilated and filled with both immature squamous and 


transitional cells. 
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The esophageal epithelium is hyperplastic with intact basement membrane over 
the tumor, except for the small defect noted grossly. At this area there is a 
narrow zone of necrosis and underlying fibrous tissue. There is no evidence of 
neoplastic cell invasion at the margins of this defect. The granular elevations 
in the lower part of the esophagus (Fig. 1) show replacement of the hyperplastic 
epithelium by masses of immature squamous cells (see Fig. 5). These cells lie 
mostly in dilated lymph spaces and are confined to the mucosa and submucosa. 























Fig. 3.—High power photomicrograph of Fig. 2 at the junction of the squamous 
and transitional cells, Note the keratinization at the extreme right. The adjoining 
column of immature squamous cells graduaily fuses with the more loosely arranged 
surrounding transitional cells. (xX 280.) 

Fig. 4.—Photomicrograph of the trachea from the upper third of the tumor. A 
wedgeshaped mass of dark staining carcincma cells replaces the marginal columnar 
epithelium and extends downward radially from the mucosa. (x 280.) 
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Anatomical Summary: Metaplastic squamous-cell carcinoma of the trachea. 
Direct invasion of the mediastinum, regional lymph glands, and left innominate 
vein. Lymphogenous metastases to the esophagus. Diffuse aspiration broncho- 
pneumonia. 




















Fig. 5.—Photomicrograph of one of the esophageal metastases showing the irregu- 
lar mucosa containing masses of immature squamous cells. Three lymphatic channels 
are dilated and plugged with tumor cells. The stretched and intact muscular coat 
is at the extreme right. (x 240.) 

Fig. 6.—High power photomicrograph of the main tumor mass in Case 2 showing 
immature squamous epithelial cells and smaller hyperchromatic irregular columnar 
cells. (X580.) 


CasE 2.—Clinical Course: This patient was a 54-year-old woman whose illness 
began May, 1908, when she swallowed a fish bone which stuck in her throat and 





484 THE JOURNAL OF THORACIC SURGERY 


was extracted later at home. During the same month she first noticed the sensa- 
tion of a marble moving up and down in her throat. This became gradually 
worse with increasing dysphagia. During the next nine months dyspnea was 
slowly progressive until inspiration became forced and almost gasping. A small 
round hard slightly tender lump appeared on the right side of the neck near the 
thyroid cartilage in August of the same year. This increased in size until No- 
vember and then remained essentially the same size until her admission three 
months later. 

Physical examination showed emaciation, intense dyspnea and orthopnea, some 
respiratory stridor, marked dysphagia, enlargement of both lobes of the thyroid 
with fixation to the surrounding tissues, and signs of emphysema. The clinical 
impression was malignant goiter. 

She had repeated episodes of severe coughing and cyanosis. On the day follow- 
ing admission she was said to have been unable to breathe for about a minute, 
became black in the face and responded finally to strychnine. Two days after 
admission the thyroid was exposed under general anesthesia and part of the right 
lobe resected. As this procedure was completed, the patient suddenly stopped 
breathing and a tracheotomy was done at the level of the third, fourth and fifth 
tracheal rings. It was difficult, however, to insert the cannula because of infiltra- 
tion of the wall, and by the time the emergency measure was completed the patient 
failed to respond to any stimuli and died apparently of asphyxia. 

Postmortem Findings: (M.G.H., A-24-09) Autopsy revealed absence of the 
right lobe of the thyroid and the tracheotomy wound at the level described above. 
The latter opened into the middle of a large tumor mass which accounted for 
the difficulty in passing the tracheal cannula. The lumen barely admitted a No. 
10 English rubber catheter. When the larynx and trachea were opened, the vocal 
cords appeared normal, but a tumor was found to extend from the lower end of 
the thyroid cartilage downward 4 em. on the left side of the trachea and then 
slant off toward the right for an additional 3 em. At one point it completely en- 
circled the trachea, was 4 em. wide and 2 em. in its greatest anteroposterior dimen- 
sion. The mass also extended into the region of the right lobe of the thyroid 
where the recent operative procedure had severed part of the tumor. There was 
some ulceration of the tracheal mucosa below the cricoid cartilage on the left 
posterior wall, and the tumor presented a very firm, grayish-white surface which 
cut with much resistance. 

The esophageal lumen was so narrowed that it admitted a small penholder with 
difficulty. This narrowing was due to the pressure of the tumor, described above, 
encroaching on the lumen of the esophagus from the front. The mucosa appeared 
everywhere intact. 

The lungs showed emphysema. Other incidental findings included productive 
pleurisy and peritonitis, brown atrophy of the myocardium, passive congestion of 
the liver and slight arteriosclerosis. 

Tumor Histology: Sections show irregular masses of large cells with hyper- 
chromatic nuclei in which nucleoli are numerous. Between these forms are diffusely 
scattered columnar-shaped cells. These tumor cells are divided into irregular 
masses by bands of dense fibrous tissue. Mitotic figures are numerous. There is 
no evidence of keratinization or whorl arrangement (see Fig. 6). 

Anatomical Summary: Metaplastic transitional-cell carcinoma of the trachea 
with invasion of the mediastinum and thyroid. 


SUMMARY 


(1) Of the 433 primary tumors of the trachea on record at the end of 
June, 1936, 147 or 34 per cent were carcinomata. 
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(2) The clinical symptoms were essentially the same as those for any 
tracheal neoplasm and most of the patients died within one year of the 
initial examination. 

(3) The highest incidence of carcinoma was in males between 40 and 
60 years of age. 

(4) The tumors were located most frequently in the lower third of 
the trachea on its posterolateral walls. 

(5) Metastases were found in 68 per cent of the cases and were mostly 
regional. 

(6) Adenocarcinoma and squamous-cell carcinoma were the commonest 
types and were found in about equal frequency. 

(7) The adenocarcinomata probably originate in the mucous glands 
of the trachea. 

(8) Some of the squamous-cell tumors were assumed to be newgrowths 
from embryonic arrests of esophageal epithelium in the trachea, while 
others were assumed to be the result of metaplasia. 

(9) Two ease studies of primary carcinoma of the trachea have been 
added to this series. 


Note: The first case report was obtained from the records of the Montreal 
Homeopathic Hospital (No. 1743-36) and the second one from the files of the 
Montreal General Hospital (No. 172-S-09). I am deeply grateful to the staffs of 
both institutions for their cooperation. I especially wish to acknowledge my in- 
debtedness to Dr. W. H. Chase of the McGill Pathological Institute for his val- 
uable assistance in preparing the pathologic reports of these cases, and to Miss 
Shirley Goodall for her excellent illustration. 
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BRONCHIAL OBSTRUCTION PRODUCED BY ORGANIC 
AND INORGANIC FOREIGN BODIES 


JOSEPH WEINBERG, M.D. 
Omaua, NEs. 


HERE are two types of reactions following the intrabronchial lodg- 

ment of foreign bodies; a common one purely due to the matter of 
more or less complete bronchial occlusion, and a variable one depend- 
ing on adventitious effects of the occluding body. Inert substances, 
particularly metals, often produce relatively mild early effects, and it 
may be months or years before they produce sufficient symptoms to 
make their presence known. In contrast to these, certain vegetable 
substances, of which the peanut is a notable example, may produce 
fulminating symptoms within a few hours of their lodgment. While 
these differences are generally appreciated, principally through the 
contributions and teachings of Chevalier Jackson, there are important 
points in the pathology which remain obscure. 


In a previous study,’ I described a method for the lodgment and 


retention of foreign bodies within the bronchus of the rabbit. This 
method is used in the present work to determine the early and late 
effects of representative types of foreign bodies, including the peanut, 
castor bean, nail, and tooth. 


EXPERIMENTS 


The foreign body is fitted into the flanged end of a ureteral catheter 
which is then introduced through a transtracheal opening into a bron- 
chus. When resistance to further passage is encountered, the foreign 
body is dislodged from the catheter by means of a wire stylet. The 
catheter is then removed and the cervical incision is closed. This is 
done under ether anesthesia. 

This study is based upon an analysis of eight to twelve successful 
experiments with each type of foreign body. The early and late results 
obtained are described in the following typical experiments: 


EARLY CHANGES 


Experiment W 1.—A fragment of castor bean was inserted in the bronchus of a 
rabbit. The rabbit died thirty-six hours after lodgment of the foreign body. At 
autopsy there was a thin, rather clear exudate in the bronchial tree. The foreign 
body was not found, and it is assumed that it was dislodged before death. There 
was a massive pneumonitis of the lower lobe of the left lung. The other lobes 
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showed a less severe pneumonitis, but in all lobes there was gross evidence of a violent 
inflammatory reaction associated with hemorrhages. 

The left lower lobe revealed patchy hemorrhagic areas throughout the lung. There 
was marked edema of the parenchymal tissue and bronchi, with slight leucocytic 
infiltration. The mucosa of the bronchi showed marked degenerative changes and 


edema. 
Sections of other lobes examined histologically revealed a marked edema and 
moderate congestion of the alveoli and bronchi together with moderate hemorrhage. 


Because of the severe changes seen in the left lower lobe, it is assumed that the 
foreign body had lodged in the left lower bronchus. 


In this experiment the castor bean provoked a fulminating reaction 
which was characterized by edema and hemorrhage. It is assumed 
that the ricinie acid of the castor bean is responsible for the severe 
reaction, 


Experiment X 7.—A fragment of peanut was inserted into the bronchus of a 
rabbit. The rabbit died sixty hours later. Autopsy revealed a violent hemorrhagic 
inflammatory reaction in both lungs. Blood-tinged frothy fluid escaped from the 
tracheobronchial tree. All lobes showed hemorrhagic consolidation with occasional 
patches of aeration. There was more secretion from the left main bronchus than 
from the others. This was a thin, frothy, hemorrhagic fluid. A peanut was found 
lodged loosely in the left main bronchus near the carina. 

The left lower lobe which was obstructed showed marked edema. The alveolar 
walls were barely distinguishable because of edema. There were numerous rounc¢ 2d 
dilated spaces in the parenchyma apparently due to rupture of the alveolar walls 
by distention through the valve action of the obstructing body. The parenchymal 
tissue was congested and hemorrhagic throughout. The bronchi were uniformly 
dilated and some of them contained purulent exudate (Fig. 1). 

The right lower nonobstructed lobe showed marked edema, congestion and hemor- 
rhage in the alveolar tissue with purulent exudate in the bronchial tree. The 
bronchi were only moderately dilated, and their mucosal linings were intact. In 
this specimen the alveolar walls were more distinct than they were in the specimen 
from the obstructed lobe. 


It is assumed that in this experiment the pathologic changes in the 
obstructed lobe were the result of irritation by the peanut and, to a 
lesser degree, occlusion of the bronchus. This assumption is based upon 
the greater destruction and dilatation of the bronchi seen in the ob- 
structed lobe. There was no evidence of swelling of the peanut. 


Experiment X 1.—A peanut was lodged in the bronchus by the usual method. The 
rabbit was killed six days later. The peanut was found lodged loosely in the right 
main bronchus just below the carina. It was covered with mucous secretion. The 
trachea and bronchi were congested at this site. 

There were gross petechial hemorrhages in the upper left lobe. The right lower 
lobe showed areas of patchy atelectasis. 

Microscopic study of sections from the right lower lobe showed the bronchi to be 
dilated, with occasional interruptions of the mucosa. The blood vessels were greatly 
thickened, with evidence of marked edema in all coats. The alveoli were disrupted, 
congested, and infiltrated with leucocytes. There was moderate evidence of edema 
and patchy atelectasis. 
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Microscopie sections from the nonobstructed left lower lobe showed marked con- 
gestion, large areas of hemorrhage, edema, and thickening of the blood vessels. The 
bronchi were moderately dilated but most of them showed a fairly intact mucosa. 


In this experiment there was marked edema in both the obstructed 
and nonobstructed lobes, suggesting that the reaction was the result 


Pig. i. 





Fig. 1.—X7. Section of lung sixty hours after lodgment of fragment of peanut in 
a bronchus. The alveolar markings are obliterated by hemorrhage, congestion and 
edema, and the bronchi are filled with exudate. The changes were essentially the 
same in both lungs, although only one lobe was obstructed by the peanut. ( X42.) 

Fig. 2.—Z18. Section of obstructed lobe ninety hours after lodgment of a nail in 
the bronchus. The congestion and edema seen here are limited to the immediate site 
of lodgment of the nail. A comparison with Fig. 1 illustrates the mild character of the 
reaction in comparison to that of the peanut in the early stage of obstruction. (x 42.) 


of the spread of irritating oil to both lungs. The fact that the atelectasis 
was not marked in the lobe distal to the foreign body indicated that 
the obstruction was not complete, and that the pathologic changes were 
presumably mainly the result of the irritating action of the peanut oil. 
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Experiment Z 18.—A nail was lodged in the bronchial tree. The animal was 
killed four days later. Autopsy revealed a nail lodged loosely in the right main 
bronchus. There was an accumulation of mucous secretion in the right bronchus 
but none in the left. 

Microscopic examination showed partial to complete loss of the mucosa of the 
bronchi in the lobe distal to the nail. The parenchymal tissue showed moderate 
edema and patchy atelectasis (Fig. 2). Also, there were petechial hemorrhages in 
the parenchyma, but less severe than those seen in the experiments with the peanut. 
The opposite lung showed very moderate changes characterized by congestion. 


In this experiment the disturbances seem to have resulted chiefly 
from the mechanical presence of the nail. The hemorrhages may rea- 
sonably be ascribed to the disruption of vessels during lodgment. Thus, 
there were neither changes due to obstruction nor changes due to 
chemical irritation, the pathology being entirely the result of local 
mechanical disturbance. 


Experiment Y 6.—An unsterilized rabbit tooth was lodged in the bronchial tree. 
The rabbit was killed forty-eight hours later. The tooth was found lodged in the 
right main bronchus. There were gross areas of hemorrhage in the left lower lobe. 
The right lower lobe showed extensive areas of patchy atelectasis and edema of the 
alveoli. The blood vessels were markedly thickened. Congestion and leucocytic 
infiltration were pronounced. Most of the bronchi and bronchioles showed loss of 
mucosa but were not greatly dilated. There were also frequent interruptions in the 
alveolar walls. 

The left nonobstructed lobe showed dilatation of the bronchi with accumula- 
tion of purulent exudate. The mucosal linings were fairly intact. There were also 
small patches of atelectasis. Edema and congestion were present in the parenchyma 
to a moderate degree. 


In this experiment, striking changes occurred within a forty-eight- 
hour period. The marked congestion and leucocytie infiltration of the 
alveolar tissue, and the loss of bronchial mucosa seen in the obstructed 
lobe indicate an early severe infectious process. It is assumed that the 
changes in the other lobes were due to the spread of infected secretion 
from the obstructed lobe and not to any toxie substance in the tooth, 
as was the case in the peanut and castor bean. 


LATE CHANGES 

Experiment X 5.—A fragment of peanut was lodged in the bronchial tree. The 
rabbit was killed twenty days later. Postmortem examination revealed a profuse 
exudate in the trachea. The foreign body, coated with exudate, was found at the 
first bifurcation of the right lower bronchus. The right lower lobe was adherent 
and contained multiple abscesses. The bronchi were grossly dilated’ and exuded 
pus. The lobe was congested and firm. 

The nonobstructed lobes were congested but were otherwise normal grossly. 

Microscopic study of the right lower lobe showed an advanced degree of 
bronchiectasis with almost complete atelectasis, abscesses throughout the parenchyma, 
dilated smooth contoured bronchi with loss of mucosa, and destructive changes 
in the bronchial walls. All the bronchi were filled with thick pus (Fig. 3). 

Microscopie study of left lower lobe showed rather large patches of atelectasis, 
congestion and moderate dilatation of the bronchi, There was also evidence of 
edema in the nonatelectatic tissue. 
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The complete obstruction of the right lower lobe bronchus resulted 
in massive atelectasis and severe bronchiectasis in the right lower lobe. 
The patchy atelectasis and the inflammatory changes seen in the op- 
posite lobe were the result of spread of the exudate from the obstructed 
lobe. 


Fig. 3.—X5. Section of obstructed lobe twenty days after lodgment of fragment of 
peanut in a bronchus showing advanced saccular bronchiectasis. The dilated bronchi 
are ha with pus, and the alveolar tissue shows abscesses and complete atelectasis. 

2.) 


Fig. 4.—Z6. Section of obstructed lobe forty days after lodgment of nail in a 
bronchus. This specimen represents an advanced stage of obstructive bronchiectasis 
with suppuration, atelectasis and fibrosis. The bronchial wall is not distinguishable, 
because of the severe destructive changes. ( X42.) 


Experiment Z 6.—A nail was lodged in the bronchial tree. X-ray examination 
made one week later showed the nail in the thorax, apparently in the bronchial tree. 
The animal was killed forty days later. There was a small amount of exudate in 
the trachea. The nail was not found at autopsy. The right lower and middle 
lobes showed multiple large abscesses through the pleura. These lobes were firm 
and congested. The main right lower bronchus was dilated and had a thickened 
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wall. Thick pus exuded from all cut surfaces of the middle and lower lobes. These 
lobes were adherent to the parietal wall. 

Microscopic examination of the right lower lobe showed complete atelectasis with 
multiple abscesses in the parenchymal tissue. The bronchi could not be distinguished 
because of the advanced state of suppuration and necrosis (Fig. 4). 

The left lower lobe showed comparatively slight evidence of inflammation. There 
was moderate congestion and leucocytic infiltration with serofibrinous secretion in the 
bronchial tree. The bronchi were not dilated. 


In this experiment the left lower lobe shows the characteristic fea- 
tures of complete obstruction, including extensive atelectasis, destruc- 
tion of bronchi, and parenchymal suppuration. Although it was not 
possible to retain the nail within the bronchus for a long period of time 
in this and other experiments, the changes found indicate that it had 
obstructed the bronchus at some time previous to the expulsion. 


Fig. 5.—Y3. Section of incompletely obstructed lobe forty-eight days after lodgment 
of tooth. This section, taken from the immediate site of lodgment, shows a moderate 
cylindric bronchiectasis with little alteration of the parenchyma. ( X42.) 


Experiment Y3.—A rabbit tooth was lodged in the bronchial tree. The rabbit 
was killed forty-eight days later. The tooth was found lodged in the left main 
bronchus. There was an extreme congestion of the bronchus at the site of its lodg- 
ment. The left lower lobe showed gross evidence of patchy atelectasis and all other 
lobes were congested. A frothy exudate was found in the tracheobronchial tree. 
Pus exuded from the cut surface of the left lower lobe. There were occasional 
abscesses in the parenchyma of the right lower lobe. 

The tooth which was in a good state of preservation was only slightly coated with 
exudate. The obstruction was incomplete. 


Microscopic examination of the partially obstructed lobe showed remarkably 
little change considering the long period of time that the tooth had remained in the 
bronchial tree. The bronchi were moderately dilated and showed loss of mucosa 
and destructive changes in their walls (Fig. 5). There were occasional accumula- 
tions of purulent material in the alveolar spaces and bronchial tree. One area 


of the lobe showed a solitary abscess. 
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Sections from other lobes showed much the same changes as were seen in the 
partially obstructed lobe but to a lesser degree. Congestion and moderate edema 
were the principal changes although there was evidence of moderate dilatation of the 


bronchi. 


It would seem from this experiment that the long sojourn of the 
tooth in the bronchus failed to induce severe pathologic changes. In 
all probability this is to be accounted for by the obstruction being 
incomplete rather than complete. Here the foreign body has appar- 
ently acted chiefly as an irritant with a possible added factor of infec- 
tion through organisms carried with it. 


The findings in the experiments with the sandbur, which have been 
reported previously, are included in the discussion which follows. 


DISCUSSION 


The experimental results are discussed under the headings of (1) im- 
mediate effects produced by the various types of foreign bodies and 
(2) the late effects, with a consideration of the findings in complete 
and incomplete obstruction. 

1. The type of pathologie change produced in the lung within the 
first few days after lodgment depends principally upon the chemical 
nature of the foreign body. Vegetable substances containing soluble 
irritants, represented in these experiments by the castor bean and pea- 
nut, produce within the first forty-eight hours a fulminating reaction 
in both lungs characterized by edema and hemorrhage, the former 
especially causing interference with respiration. This reaction was 
most violent in the case of the castor bean, death occurring within a 
two-day period in all instances in which the substance was used. The 
reaction with the peanut was of the same nature but it was less violent. 
In those instances in which the animal succumbed to the immediate 
reaction, death occurred within a three-day period. In addition to the 
edema and hemorrhage there was evidence of degeneration of bronchial 
mucosa and dilatation of the bronchi in the obstructed lobes (Fig. 1). 
In no instance was there evidence of swelling of the peanut or castor 
bean after lodgment in the bronchus. In fact, the fragment was 
lodged rather loosely at the time of autopsy. This point is emphasized 
because frequently it is stated without adequate evidence that the 
severe symptoms from peanut aspiration are chiefly due to the swell- 
ing after its lodgment. The chief factor would appear to be the solu- 
ble toxic fraction in both these foreign bodies, ricinic acid in the case 
of the castor bean and arachidiec acid in the case of the peanut. This 
is in accord with the experimental findings of Heatley and Clausen,? 
Pinkerton® and Hara,* and with the clinical observations of Jackson,® 
Jackson and Speneer,® Patterson,’ and others. This highly irritating 
effect is not peculiar to all vegetable substances. In experiments which 
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I have previously performed with the sandbur there was no evidence 
of edema, and the slight hemorrhages that occurred were obviously 
due to disruption of the bronchial wall at the site of lodgment. In 
view of this, it is doubtful whether a distinction between vegetable 
and nonvegetable foreign bodies based on differences in irritating 
properties is justifiable. The difference is rather one of whether or not 
the foreign body contains an irritating soluble fraction which may be 
diffused through the lungs. 

Inert substances such as the tooth and nail provoke a less severe 
type of reaction within the first few days than do the peanut and 
eastor bean. In the case of the nail (Fig. 2) the pathologic change, 
consisting chiefly of local hemorrhage and ulceration of the bronchial 
mucosa, may be accounted for by the trauma occurring during and 
after lodgment. 

The reaction to the tooth in the early stage is, in some cases, mild 
and entirely local and is the result of mechanical irritation at the site 
of lodgment. In other instances it is characterized by striking changes 
including patchy atelectasis, purulent exudate in the obstructed and 
nonobstructed lobes, and petechial hemorrhages. These changes are 
predominantly infectious and do not seem to depend to a great extent 
upon obstruction. There is nothing to indicate that the cause of the 
disturbance is of a chemical nature. It is possible that the type and 


degree of reaction are influenced by the number and virulence of 
organisms carried with the tooth. 


2. The late effects of bronchial occlusion, whether by irritating vege- 
table substances or by inert substances, appear to depend chiefly upon 
the completeness of obstruction, the presence or absence of a soluble 
toxie fraction playing little if any réle at this stage. If the obstruc- 
tion is complete, there will result a massive atelectasis distal to the 
occlusion, together with suppurative infection and saccular dilatation 
of the bronchi (Figs. 3 and 4). The mechanism of the alterations 
with complete obstruction is not described in detail here, as it has 
been dealt with in a previous study.t| Experiments with varying 
periods of sojourn indicate that the obstruction is usually incomplete 
at first, but may eventually become complete through the accumula- 
tion of fibrinous exudate around the foreign body. Following this, 
the entire lobe becomes atelectatic,* and this together with the de- 
generation and necrosis resulting from retained infectious secretions 
causes a severe saccular bronchiectasis. The nonobstructed lobes also 
undergo changes which are characterized by cylindric dilatation of 
the bronchi, and patchy areas of atelectasis and suppuration, due to 
the passage of infectious exudate from the obstructed lobe into the 
bronchi of other lobes. It should be emphasized that it is not neces- 


*The reader is referred to the researches of Lichtheim,*? and Coryllos and Birnbaum,® 
for a detailed explanation of atelectasis resulting from bronchial occlusion. 
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sary to assume the introduction of pathogenic microorganisms with 
the foreign body to produce infection. Evidence indicates that the 
lung normally harbors potentially pathogenic bacteria which become 
activated in the retained secretion distal to the foreign body. (Bucher,’® 
Jones," Boni,!? Neisser,’? Spray,’ Livingstone and Adams.?*) 

If the obstruction remains incomplete, the late changes vary from 
a local ulceration of the bronchus at the site of lodgment to an ad- 
vaneed cylindric bronchiectasis which may approach the obstructive 
type of bronchiectasis in severity. In these experiments the tooth was 
the only foreign body which did not tend to cause a complete obstruc- 
tion after a lapse of several weeks. Possible explanations for this 
peculiarity are the irregular shape of the tooth and its lack of tendency 
to become coated with fibrinopurulent exudate. Lodgment of the 
tooth, however, is capable of producing severe pathologic changes 
through other mechanisms. The bronchus becomes ulcerated at the 
site of lodgment, as a result of trauma, and the spread of infectious 
secretion from this site into the general bronchial tree causes cylindric 
bronchial dilatation, patchy areas of atelectasis, and infection varying 
from a mild inflammation to extensive abscess formation. 


SUMMARY AND CONCLUSIONS 


A series of experiments have been performed in which several types 
of foreign bodies have been lodged in the bronchial tree for varying 
periods of time, and the pathologie effects noted. In these experi- 
ments the manner of lodgment and the types of foreign bodies permit 
a comparison with the conditions obtaining in clinical practice. 


Certain vegetable foreign bodies, of which the peanut is representa- 
tive, produce immediate fulminating edema and hemorrhage in the 
lungs which may cause death within the first few days of lodgment. 
It would appear that the reaction is due to irritating substances re- 
leased by these foreign bodies, and that the obstruction plays little 
part in the early disturbance. 

In the case of more inert substances, represented by the nail and 
tooth in these experiments, the changes seen in the first few days fol- 
lowing lodgment are less severe, and usually consist of degeneration 
and ulceration at the site of lodgment, due to trauma induced during 
and after lodgment. Occasionally there is an additional change char- 
acterized by suppuration and patchy atelectasis in the obstructed and 
other lobes. It is probable that this is due to, or accelerated by, patho- 
genie organisms introduced with the foreign body. 

The late effects of bronchial occlusion show a striking similarity to 
each other, and appear to depend chiefly upon the degree of obstruc- 
tion rather than upon the composition of the foreign body. This is in 
contrast to the varied reactions produced by irritating vegetable sub- 
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stances and inert substances in the early stage of lodgment. Complete 
obstruction eventually causes massive atelectasis and severe saccular 


bronchiectasis. 


If the obstruction remains incomplete for a relatively long period, the 
pathologie changes may be slight or severe depending upon the degree 
of obstruction, upon the trauma induced by the foreign body, and 
upon the pathogenicity of infectious organisms introduced or already 
present. The characteristic pathologie changes seen with incomplete 
obstruction are patchy atelectasis, suppuration, and bronchial dilatation. 
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UNEXPECTED CAVITY CLOSURE FOLLOWING REEXPANSION 
OF THE LUNG AFTER AN INEFFECTUAL PNEUMOTHORAX*t 


JoHN D. STEELE, JR., M.D., MILWAUKEE, WIs., JoHN W. TRENIs, M.D., 
ANN Arpor, MicH., AND Epwarp W. Lasog, M.D., Howe, Micu. 


LOSURE of a tuberculous cavity following reexpansion of the lung 

after an ineffectual pneumothorax is a paradoxical occurrence 
which we have had the occasion to observe several times during the 
past year. Since we believed that cavity closure under these cireum- 
stanees was important enough to warrant further investigation, we 
have collected a series of 12 cases in which such cavity closure has 
occurred and have analyzed them in detail. 

In most instances it had been the intention to replace the ineffectual 
pneumothorax with some other form of collapse therapy, such as thora- 
coplasty, and the lung had been allowed to reexpand in preparation 
for that procedure. 

We attempted to estimate the frequency of such cavity closure by 
comparing our patients with a group in which the cavities failed to 
close following reexpansion of the lung. We found, however, a variety 
of complicating factors which made comparison impossible. For in- 
stance, until two or three years ago, it had been our practice to perform 
a thoracoplasty without waiting for the absorption of an ineffectual 
pneumothorax. This necessarily eliminated a large group of cases 
which would have formed a good basis for comparison. 

Adhesions probably accounted for the failure of the pneumothorax 
to close the cavities in the majority of these patients. In retrospect, it 
appears to us that a longer trial of pneumothorax or an attempted 
division of the suspending adhesions might have been preferable to 
discontinuation of the pneumothorax in a few cases. We are, however, 
not concerned with the consideration of such possibilities in this article. 

Cavity closure following reexpansion of the lung occurred more 
rapidly and more dramatically in those eases in which a phrenic 
paralysis was added at the time of discontinuation of the pneumo- 
thorax. Maximum elevation of the hemidiaphragm with resulting 
increase in pulmonary collapse is furthered by the higher negative 
pressures accompanying reexpansion of the lung. Phrenic paralysis 
is not as effectual if delayed until the lower lobe has become adherent 
and the hemidiaphragm relatively fixed by adhesions. 


*From the Departments of Surgery and Internal Medicine, hige? eho of Michigan, 


Ann Arbor, Michigan, and from the Michigan State Sanatorium, Howell, Michigan. 


{The preparation of this article was aided by the George Alexander Fleming Fund 
for Thoracic Surgery. 


Received for publication, September 15, 1937. 
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In 7 of our 12 patients, phrenic nerve interruptions were performed 
at the time of discontinuation of the pneumothorax, and in one pa- 
tient, three months before discontinuation. Cavity closure occurred 
without the addition of a phrenic paralysis in 2 patients (Cases 1 and 


Fig. 1. Fig. 2. 





ae 














Fig. 3. 
Fig. 1.—Case 3. Roentgenogram on admission. Cavity in right superior lobe 4.5 
cm. in diameter. 


Fig. 2.—Case 3. Roentgenogram following induction of right pneumothorax. Cavity 
reduced in size. Superior lobe suspended by adhesions, 


Fig. 3.—Case 3. Roentgenogram following right temporary phrenic nerve interrup- 
tion and discontinuation of pnevmothorax. Marked regression of lesion. No evidence 
of cavity. Moderate rise of right hemidiaphragm. 


5). In 2 other patients (Cases 8 and 10), a remarkable decrease in the 
size of the cavity accompanied reexpansion of the lung and cavity 
closure subsequently followed phrenic paralyses performed several 
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months after complete absorption of the pneumothorax. It is possible 
that more rapid closure of the cavities would have occurred in these 
2 patients if the phrenic paralyses had been performed at the time of 
discontinuation of the pneumothorax and before the hemidiaphragm 
had become somewhat fixed by adhesions. 

It seems probable that cavity closure in our group of patients was 
not necessarily the result of phrenic paralysis; first, because we have 


Fig. 4. Fig. 5. 
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Fig. 6. Fig. 7. 

Fig. 4.—Case 8. Roentgenogram on admission. Cavity in left superior lobe 3 cm. 
in diameter, Multiple cavities right superior lobe. 

Fig. 5.—Case 8. Roentgenogram after induction of bilateral pneumothorax. Left 
superior lobe suspended by adhesions. Cavity has increased in size to 4.5 em. in 
diameter. Cavities on right not evident. 

Fig. 6.—Case 8. Roentgenogram sixteen days after discontinuation of left pneumo- 
thorax and seven days after discontinuation of right pneumothorax. Left lung almost 
completely reexpanded, Cavity now diminished markedly in size. 

Fig. 7.—Case 8. Roentgenogram one year later. No evidence of cavity on either 
side. Sputum negative by culture. 
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seen cavities close rapidly following reexpansion of the lung when no 
phrenic paralysis had been added, and, second, because most of the 
cavities were too large to have been expected to close by phrenic 
paralysis alone in a corresponding period of time. The rapidity of 
cavity closure in these cases was the most impressive feature. 


Fig. 8. Fig. 9. 








Fig. 10. 


Fig. 8.—Case 12. Roentgenogram on admission. Cavity on right, 3.5 cm. in diameter. 

Fig. 9.—Case 12. Roentgenogram two months after induction of right pneumothorax. 
Cavity now 2.5 cm. in diameter. Closure prevented by suspending adhesions. Right 
temporary phrenic nerve interruption two days later. 


Fig. 10.—Case 12. Roentgenogram following discontinuation of pneumothorax. No 
evidence of cavity. Three and one-half months interval. Moderate elevation of right 
hemidiaphragm. Sputum negative. 


Pleural effusion accompanying reexpansion was not prominent in 
most of our patients and probably had no influence upon cavity 
closure. Reexpansion in only one case was forced by obliterative 
pleuritis. 
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We had hoped that we could reach some conclusion as to the mecha- 
nism of cavity closure in these patients and that we might be able to 
find some common characteristic which would enable us to predict the 
outcome in similar cases. With these considerations in mind, we care- 
fully studied a group of cases in which the cavities had failed to close 
following reexpansion of the lung. We were unable to reach any satis- 
factory conclusion as to the mechanism or to find any common char- 


(iS) eh): 


Case l. M.K. 6 weeks Case 2. L.P. 
4 (1M 
Case 3. H.W. Case 4. F.H. 3 months 


(IN CAS (Ib, (1) AY) AA) 


Case 5. RH. 5% months Case 6, 43 months 
Case 7. C.T. 1 month 


(A) FLAY AA) 


Case 9. E.S, 4 months Case 10. E.C. 9 months 


GCE CA) eA) 


Case li. G.S, 4 months Case 12. U.C. 33 months 


Fig. 11.—Diagrammatic roentgen appearance of cases listed in Table I. The first 
diagram in each series represents the appearance of the cavity, or cavities, immediate- 
ly preceding induction of pneumothorax. The second diagram in each series represents 
the appearance at the time of maximum collapse by pneumothorax. The third diagram 
in each series represents the appearance after reexpansion of the lung. The period 
of time from the last pneumothorax refill is indicated below the diagrams. 

These diagrams are intended to demonstrate the relative size of the cavities only. 
No attempt has been made to indicate noncavernous infiltration or to indicate ac- 
curately the character and extent of the visceroparietal adhesions. For this reason, 
some adhesions may appear to be easily divisible, while actually this was not the 
case. Sometimes the lung was fused to the anterior or posterior chest wall. This 
fusion could not be represented in the diagrams, 
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acteristic, such as the change of position of the cavity under pneumo- 
thorax, or any particular distribution or location of the collapse, which 
would aid us in predicting the outcome in similar cases in the future. 


In conclusion we feel that cavity closure following absorption of an 
ineffectual pneumothorax probably occurs frequently enough so that 
this possibility should influence the decision as to whether to reexpand 
the lung before performing a thoracoplasty. Whenever not contrain- 
dicated, a temporary phrenic nerve interruption should be performed 
at the time the pneumothorax is disconiinued and the benefit of its 
action determined before the thoracoplasty is performed. Marked 
decrease in the size of the cavity when reexpansion is complete war- 
rants a period of delay, at the end of which there may be some indica- 
tion as to whether final closure will occur without surgical intervention. 


Three case reports are included in this article through the courtesy of Dr. R. J. 
Hanna, Superintendent of the Jackson County Sanatorium, Jackson, Michigan, and 
one case through the courtesy of Dr. G. C. Stucky, Superintendent of the Ingham 
County Sanatorium, Lansing, Michigan. The remaining cases were observed at the 
Michigan State Sanatorium, Howell, Michigan, and at the University of Michigan 
Hospital, Ann Arbor, Michigan. 





OUR EXPERIENCES IN THE EMPLOYMENT OF SPINAL 
ANESTHESIA FOR THORACOPLASTY* 


FRASER B. Gurp, M.D., A. M. Vinesere, M.D., AND 
WESLEY Bourne, M.D. 
MontTrREAL, CANADA 


HAT surgeons who have made the surgical treatment of pulmonary 

tuberculosis a major interest are not satisfied that the most effective 
and safest anesthetic has yet been decided is proved by the fact that 
in different clinies different techniques for anesthesia are employed. 
Recent articles by Overholt and by Coryllos are significant in this 
respect. 

That the majority of patients requiring thoracoplasty for pulmonary 
tuberculosis are not good surgical risks is so axiomatic that no further 
reference to this fact will be made here. As Shields! has stated, ‘‘In 
the presence of pulmonary tuberculosis spinal anesthesia would be chosen 
by many, should they be faced with an abdominal operation.’’ 

We believe that many, if not most, surgeons and anesthetists who 
have had any considerable experience in the employment of spinal 
anesthesia for upper abdominal operations—biliary tract, stomach, 
spleen, and hepatic and splenic flexures—and who are also interested 
in the surgery of pulmonary tuberculosis have wished that it were pos- 
sible safely to employ spinal anesthesia in the performance of extra- 
pleural thoracoplasty. Shields? has indicated that in the Toronto clinic 
spinal anesthesia has been employed in a.large number of cases (55 up 
to 1935) for thoracoplasties from the 5th rib downward. He states 
(1933), ‘‘In this connection it should be remembered that a block which 
will produce adequate muscular relaxation for a gall bladder operation 
will give ample anesthesia for a lower thoracoplasty, with less circulatory 
depression as a rule in the extraabdominal operation.’’ 

Bettman and Biesenthal,* in 1931, reported five cases of extrapleural 
thoracoplasty performed under spinal anesthesia. They employed 
novocaine dissolved in cerebrospinal fluid, and injected the solution 
with the patient lying on the side to be operated upon. We do not know 
whether these authors have continued the use of spinal anesthesia. In 
1935, Newton‘ employed a similar technique in twenty-eight operations. 
As preliminary medication he used morphine and scopolamine but in 
doses considerably smaller than we have employed. He injected ephed- 
rine ten or fifteen minutes prior to induction of the spinal anesthesia. 


*From the Grace Dart Home Hospital (for Pulmonary Tuberculosis). 
Read (by title) before the Twentieth Annual Meeting of the American Association 
for Thoracic Surgery at Saranac Lake, N. Y., May 31, June 1 and 2, 1937. 
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Newton sums up his report by the statement, ‘‘I do not believe in using 
spinal anesthesia as a routine in thoracoplasty but only in patients with 
considerable mental poise.’’ 

We believe that there are sufficient reasons for desiring to use spinal 
anesthesia for thoracoplasty if a satisfactory and safe method can be 
employed. Our reason for reporting our experiences in this connection 
before this Association is in order to describe a technique which in our 
hands in but a limited number of cases, it is true, has proved eminently 
satisfactory. 

During the past four years at the Grace Dart Home Hospital in 
Montreal, we have employed various combinations of anesthesia in the 
performance of thoracoplasties for pulmonary tuberculosis. In this 
way, we have used avertin, nembutal, local novocaine infiltration and 
nerve blocking, nitrous oxide and oxygen, cyclopropane, and intravenous 
evipal. It is not our intention, at the present time, to compare the 
results obtained by these different drugs, alone or in combination, but to 
express our opinion that since the employment of spinal anesthesia we 
have been impressed by both the comparative ease with which operation 
is performed and the more favorable results obtained. 

Between July, 1936, and March, 1937, nine patients have been operated 
upon and seventeen operations performed under spinal anesthesia. As 
a rule, the cases have been divided in so far as operative procedures 
were concerned into the following: first stage, that is removal in toto 
of the Ist, 2nd and 3rd ribs together with their transverse processes ; 
second stage, removal of the 4th, 5th and 6th ribs, together with their 
transverse processes, as far forward as the mid or anterior axillary line; 
the third stage has consisted in either simple removal of the 7th rib 
which has been accomplished by means of local novocaine infiltration 
or, more usually, the 7th, 8th and 9th ribs. Of the patients operated 
upon under spinal anesthesia, five were first stage, seven were second 
stage, and five third stage. Four of the nine patients had, prior to our 
use of spinal anesthesia, been operated upon for first or second stages 
using avertin as a basal anesthetic and cyclopropane. 

There has been no mortality, nor has operation in any ease been 
followed by a period, so far as we were concerned, of anxiety for the 
patient’s welfare. The patients have uniformly been perfectly willing 
to undergo further operations, and have not been unduly apprehensive, 
less so, we believe, than has been the case with patients operated upon by 
other techniques. In no ease has a transfusion been deemed necessary 
or advisable. 

The technique described by Etherington-Wilson has been employed 
in all eases. As a preliminary sedative, morphine and scopolamine 
have been administered. Ephedrine has not been employed as a routine, 
and we consider this deviation from the more usual technique in the 
induction of spinal anesthesia to be of importance since the conserva- 
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tion of blood is thereby obtained. Etherington-Wilson® described his 
technique before the Royal Society of Medicine in 1933. Since that 
time further contributions® have been made by him, and the present 
status of the method was modernized by Bourne and O’Shaughnessy* 
in 1936. The essentials of the method are described herewith. 

The patient is supported sitting upright, nupercaine in 1:1500 solu- 
tion is employed for anesthesia, the needle introduced in the 2nd or 3rd 
lumbar interspace, and the solution injected slowly without barbotage. 
At the completion of the injection a stop watch is started and time 
allowed for the passage upward of the solution. Prior to our work in 
employing this method for top stage thoracoplasty it had been estab- 
lished that, depending upon the amount of solution injected and the 
time allowed for its passage upward, three main zones of analgesia 
could be obtained : 

(1) 10 @.e. nupereaine solution (1:1500) 20 to 25 seconds—first lumbar 
nerve segments suitable for operations upon the lower limbs and the 
perineum. 

(2) 12 @e. nupereaine solution (1:1500) 30 to 35 seconds—tenth 
thoracic segments suitable for operations upon the lower abdomen and 
pelvis. 

(3) 15 @.e. nupereaine solution (1:1500) 40 to 45 seeonds—a high zone, 
fifth thoracic segments suitable for operations upon the upper abdomen 
and lower thorax. 

As the result of our experiments we feel that we are able to say that: 

(4) 15 to 17 ©. nupereaine solution (1:1500) 55 to 60 seconds— 
lower cervical segments and suitable for operations up to and including 
the first rib. 

At the end of the allotted number of seconds the upright position is 
quickly changed to that of recumbency, and the head of the table is 
tilted slightly downward. It would seem probable that an absolute 
maximum for the time that the patient may be allowed to sit upright is 
65 seconds, and that the maximum quantity of the solution should be 
Viele. 

In our patients there have been no headaches or other unfavorable 
incidents or sequelae. 

With respect to preliminary medication, we have found that the 
quantities of the drugs customarily used are not sufficient properly 
to obtund the cerebral cortex, and so to produce an optimum of bemuse- 
ment and amnesia. With increased doses nausea does not occur and 
there is less shock. We believe that it is well thoroughly to subdue 
the activity of the highest nerve centers. We have come to prefer the 
use of morphine, gr. 14, with scopolamine, gr. %o, and atropine, gr. 
459, given hyperdermically all at once, one-half our before operation. 

Analepties, such as ephedrine, have not been used routinely for two 
reasons: first, that they invariably undo to a considerable extent the 
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desired depressant effects of the hypnotic and amnesic drugs employed 
and, second, they are apt to raise the blood pressure so that troublesome 
oozing takes place. We do not, therefore, administer analeptics unless 
there is an alarming fall of blood pressure, at which time they seem to 
have their best actions. In accordance with the teachings of Yandell 
Henderson,* at the end of an operation % gr. of strychnine is given 
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hypodermically with the object of alleviating the depression of muscle 
tonus which spinal anesthesia invariably causes. This is repeated every 
four hours, for three doses. Also, oxygen and carbon dioxide are ad- 
ministered off and on for several hours after the patient has returned 
to bed. 

The anesthetic chart shown in Fig. 1 is typical and is, therefore, pub- 
lished together with postoperative readings. 
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The advantages of spinal anesthesia administered by the technique 
suggested, we believe, may be tabulated as follows: 

1. The patient does not lose consciousness, although under the condi- 
tions of premedication which we employ sleep is induced and a sub- 
stantially complete amnesia follows. 

2. It is possible to induce the patient to cough, upon instruction. 
The respiratory effort, particularly if oxygen be administered, is as 
quiet as may be expected by any form of anesthesia. 

3. Owing, presumably chiefly, to the drop in blood pressure and the 
quiet tranquil respiratory effort, there is less bleeding, we believe, during 
the course of the operation; at the same time we have not noted any 
tendency, whatever, toward postoperative hematoma accumulation. 

4. In consequence of the quietness of the chest wall and the com- 
plete muscle relaxation—of special importance in removal of the trans- 
verse processes—and the smaller amount of bleeding, operation can be 
performed more easily and more expeditiously, therefore, more safely. 

5. On return to the ward, cooperation on the part of the patient can 
be obtained at once, particularly in the sense of deep breathing and 
purposeful coughing. 

6. Although we have made a practice of administering strychnine, 
and 750 to 1,000 ¢.c. of 5 per cent glucose in normal saline, to which 
10 units of insulin has been added, as a routine in all cases immediately 
upon return to the ward, this has not been done on account of shock 
phenomena being exhibited; as a matter of fact, we have not been im- 
pressed by shock development in any one ease. The highest postopera- 
tive pulse rate recorded has been 126 per minute, although most of the 
cases have remained under 112. Although ephedrine has been admin- 
istered during the course of operation in approximately half the opera- 
tions, no other stimulant has been required or used. 

7. Patients have been able to commence the ingestion of nourishment 
within two or three hours of operation, in all cases, and have been able 
to return to full diet with the lapse of a very much shorter period of 
relative starvation than in eases in which other anesthetics have been 
used. 

8. The induction period, after the patient arrives in the operating 
room, is a short and simple procedure. 

The objections to spinal anesthesia for thoracoplasty in pulmonary 
tuberculosis are, we believe, chiefly theoretical : 

1. Although the patients do not suffer pain, a few have grunted when 
traction on the ribs has been made. Using scopolamine and morphine, 
patients have difficulty in remembering such an incident on the day 
following operation. 

2. There would appear to be a risk of involvement of the phrenic 
roots; such interference with functioning of the diaphragm has not been 
noted in any of our cases presumably because the anesthetic is so dilute 
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when it reaches the mideervieal region that motor function is not com- 
pletely destroyed. Should such an accident develop it would seem 
probable that serious results might well be avoided by the employment 
of artificial respiration or intratracheal insufflation. 

3. The possibility of a severe circulatory disturbance must be con- 
sidered. The inevitable drop in blood pressure has, in our experience so 
far as it minimizes hemorrhage, been useful, and in those cases-in which 
it appeared to be in any way alarming has been promptly controlled 
by the employment of ephedrine, if necessary administered intravenously. 
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DRY AND WET STAGES OF OBSTRUCTIVE ATELECTASIS* 


JuLIus Kaunirz, M.D. 
New York, N. Y. 


HE vast amount of literature on the subject of atelectasis since 
Pasteur’s! original contribution in 1890 has failed to clarify this in- 
teresting subject. 

The use of the term atelectasis has been subject to much criticism; 
many authors have objected that the word explains neither the mecha- 
nism of development of the process nor its etiology or sequelae. The 
usual concept is that of the congenital state, in which the lung is col- 
lapsed or airless. This simple condition, however, is rarely found in 
long-standing cases of bronchial obstruction and subsequent pneumoniec 
consolidation, abscess formation, bronchiectasis, or fibrosis. With the 
hope of differentiating the conditions brought about by bronchial ob- 
struction from those due to pressure, such as hydro- and pneumothorax, 
tumors, ete., various authors have suggested the substitution of such 
terms as active and passive collapse, active and passive atelectasis, and 
deflation. The term apneumatosis has been presented by Coryllos and 
Birnbaum,” who cover the subject of terminology in great detail. 

There does not appear to be any one word which completely describes 
the condition existing in atelectasis of bronchial obstruction. The term 
apneumatosis, as shall be shown, is appropriate only at the very begin- 
ning of the process, soon after the air has been absorbed by the alveolar 
capillaries. Atelectasis is a more descriptive term than collapse, as the 
latter might be misinterpreted as circulatory failure unless qualified as 
pulmonary or alveolar collapse. 

Since the word atelectasis in itself denotes a collapsed state of the 
lungs it would seem proper to employ it to the exclusion of all others, 
regardless of all the associated pathologic phenomena, whether pneu- 
monia, abscess, bronchiectasis, or fibrosis. The usual pathogenesis of 
atelectasis may be reversed, obstructive atelectasis being a sequel to lobar 
pneumonia. Then also the lung may collapse or shrink because of a 
chronic sclerotic process, the resulting atelectasis being due neither to 
compression nor to bronchial obstruction but to a chronic inflammation 
of the lung. 

The characteristic radiographic shadow of obstructive atelectasis is 
generally considered as representing merely pulmonary condensation. 
The reason for this is probably to be found in the confusion of this type 
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of pulmonary collapse with that of pneumothorax and congenital 
atelectasis. Because the mechanism in the development of obstructive 
atelectasis is different, the radiographic features as well as the clinical 
and pathologie changes are different. 

Ever since the contribution of Pasteur there has been frequent dis- 
cussion of the cause of massive atelectasis, most authors disagreeing with 
Pasteur’s contention that paralysis of the diaphragm is the cause per se. 
In this country Coryllos and Birnbaum,? who have made notable con- 
tributions to this subject through their intensive experimental work, 
look upon bronchial obstruction as the sole cause. Where the obstruction 
is due to mucus, its accumulation is said to be aided by such factors as 
diminution of respiratory movements and coughing because of pain, 
cachexia, the recumbent position, and narcotics. Elliot and Dingley,’ in 
a study of postoperative atelectasis, found in every one of their cases 
a thick mucopurulent exudate which they traced as far down as the finer 
bronchioles. They were unable to produce atelectasis in animals by 
paralyzing the diaphragm, and for this reason concluded that paralysis 
or immobility of the diaphragm is important only in the presence of a 
thick bronchial secretion. Hennell* reports massive atelectasis in a case 
of polyneuritis complicated by bronchitis. Here at least two important 
factors were present: the weakened thoracic musculature and excessive 
bronehial secretion, mucus accumulating in the bronchi because of the 
diminished expulsive power. There is an extensive literature dealing 
with the causes of atelectasis, and for an excellent bibliography on this 
subject the reader is referred to the works of Coryllos and Birnbaum. 

Several important factors may be said to favor the development of 
postoperative massive collapse: (1) bronchial secretion, (2) diminished 
cough reflex due to sedatives or anesthetics, (3) weakness of the thoracic 
musculature, (4) immobility of the thoracic cage and diaphragm due 
to tight bandaging or pain, and (5) posture favoring the accumulation 
of secretion in the dependent portions of the lungs. In operations, the 
presence of an upper respiratory infection is always hazardous because 
of the likelihood of a complicating atelectasis, followed by a pneumonic 
process. 

A less dramatic form of atelectasis is the so-called patchy variety which 
occurs in invalids who have been on their backs for long periods. Here 
the weakened thoracic muscle, the supine position, and the diminished 
mobility of the posterior chest favor the accumulation of bronchial secre- 
tion in the dependent portions of the lung. This patchy atelectasis is 
probably the forerunner of many cases of hypostatic pneumonia. Hypo- 
static congestion in the aged, in patients with cardiae disease, and in in- 
valids is generally believed to be responsible for the pneumonia by first 
diminishing the resistance of the lung to the invading organisms. The 
infection, however, is bronchogenic and not of vascular origin. This is 
shown in both gross and microscopic sections, where patchy or lobular 
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pneumonia is found. It seems reasonable to consider hypostasis of the 
bronchial secretion at least as important as hypostasis of the blood in the 
development of hypostatic pneumonia. 

The development of obstructive atelectasis depends to a great extent 
on the cause of the occlusion. Obstruction due to foreign body, neo- 
plasm, inflammatory exudate, aortic aneurysm, etc., may lead to a slow 
or rapid development of atelectasis. The involvement may be massive 
or patehy, sterile or infected. A chronic narrowing of the bronchial 
lumen as by a cicatricial stricture or neoplasm may become suddenly 
blocked by a blood clot, mucous plug, or other object. 

Most authorities are agreed that soon after a bronchus becomes oc- 
cluded, the pulmonary capillaries begin to absorb the air that normally 
keeps the alveoli distended. Favored by the normal elastic recoil of the 
lung tissue, there occurs a general collapse of that portion of the lung 
supplied by the obstructed bronchus, resulting in a diminution in volume 
of the lung depending on the bronchus affected. The intrapleural 
pressure, normally below atmospheric, tends to become lower still because 
the lung takes up less space within a relatively rigid cage. But inas- 
much as the intraabdominal pressure, the contralateral intrapulmonary 
pressure, and the atmospheric pressure remain relatively unchanged, 
the diaphragm becomes elevated, the contralateral lung inereases in 
volume, displacing the mediastinal structures toward the affected side, 
and the thorax becomes depressed on the affected side. This displace- 
ment of organs toward the affected side would completely neutralize the 
tendency of the shrinking lung to diminish the intrapleural pressure, 
were it not for a limit to which this displacement may occur. The 
diaphragm is held down by its thoracic and abdominal attachments and 
can ascend to only a limited degree. The mediastinal structures are 
restricted in their excursions by the attachments of the pericardium 
and by pleural reflections to the thoracic wall. The bony thoracic cage 
is limited in its contraction by the very nature of its structure. Because 
of these limitations, the effect of massive atelectasis in diminishing 
the intrapleural pressure is practically never neutralized, in spite of the 
apparent encroachment of the various organs on the affected lung. 

The intrapleural pressure may be markedly depressed in massive 
atelectasis, some authors reporting a decrease of as much as 40 em. of 
water. Elrick® reports a case of mediastinal hernia of the opposite lung 
due to the tremendous negative pressure. How important a part this 
decreased pressure plays in the further development of the atelectasis 
is difficult to say. Kaufmann,® Loeschke,’ and others regard it as an 
explanation for the transudation from the capillaries of some of the 
blood elements found in the alveolar spaces. Adams, Hrdina, and 
Dostal® explained the blood transudate in the lungs of their experimental 
animals on the basis of passive congestion. Coryllos and Birnbaum? 
found the alveoli filled with serum and leucocytes in some of their 
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experimental animals. They regarded these findings, however, as indica- 
tions of a pneumonic process. These reports are mentioned to indicate 
that the presence of various liquids in the lungs during atelectasis has 
been considered by various authors, even though they disagree about the 
source and character of these liquids. 

Mucus is a type of liquid seldom mentioned as present in the lungs, 
although it is suggested in a description by MacCallum,’® who speaks 
of the atelectatic lung as being ‘‘moist and sticky.’’ My own attention 
was first directed to this subject when I found mucus in the syringe after 
performing a thoracentesis on an atelectatic lung. I have found mucus 
on several occasions mixed with pus, and once with blood. Many have 
been dry taps, particularly in tuberculosis where atelectasis has reached 
the fibrotie stage. 

The presence of great quantities of mucus in massive atelectasis is 
known to all bronchoscopists. Elliot and Dingley, as mentioned, traced 
thick bronchial secretion to the finer bronchioles. Of their experimental 
animals, Coryllos and Birnbaum™ say: ‘‘We have never found the 
bronchi below the obstruction free from secretion.’’ It seems reasonable 


oe 


to suppose that if the trapped bronchial secretion cannot escape, it must 
ultimately accumulate in the alveoli. 

The flooding of the alveoli with liquid, whether bronchial secretion, 
transudate, or both, should be regarded as part of a natural development 


in obstructive atelectasis, and not as a complication. 

Of course it is not to be expected that the alveolar contents or the 
pathologie findings will be uniform in experimental or clinical atelectasis. 
The use of a balloon, ligature, or chemical irritant to obstruct the 
bronchi probably accounts for the different bacteriologie and pathologic 
findings. Clinically, the sequelae depend to a great extent upon the 
type of organisms aspirated. The usual postoperative sequel is pneu- 
monia. Occlusion due to foreign body is more apt to lead to abscess of 
the lung because of contamination by mouth anaerobes. 

In the very chronie forms a denudation of the alveolar epithelium 
eventually occurs, followed by fibrosis of the alveolar walls and further 
shrinking of the lung. Another sequel to the obstruction is bronchiec- 
tasis, and this may be associated with fibrosis. Considering the different 
eauses of and sequelae to the bronchial obstruction, it is not surprising 
to find such a contradiction of findings by the various authors. Not 
until atelectasis is properly grouped as to cause of obstruction, clinical 
course, and sequelae may we expect any uniformity in its description. 
This applies to the clinical as well as to the pathologie findings. 

I have elsewhere suggested’? that we divide atelectasis into three 
stages: (1) early or dry stage, (2) wet stage, and (3) fibrotic stage. 
The first or dry stage coincides with the absorption of the alveolar gases. 
Theoretically, the alveolar sacs should be dry, but actually some moisture 
may enter soon after absorption of gases, and although the lung may not 





516 THE JOURNAL OF THORACIC SURGERY 


be absolutely dry, it is dry enough to speak of it as such for purposes 
of differentiation. In the second or wet stage, the lung is flooded with 
liquid and gives rise to the symptoms and signs to be described. The 
fibrotic stage generally follows a persistent bronchial obstruction. 

The physical signs are pertinent here only insofar as they indicate 
the two important stages in the development of obstructive atelectasis. 

Soon after the bronchial obstruction in massive atelectasis, the res- 
onance of the affected lung is found to be impaired. The area of cardiac 
dullness is considerably diminished, with the apical impulse shifted 
toward the side of the obstruction. The border of liver dullness is found 
higher and continuous with that of the affected lung. Voice sounds 
and vocal and tactile fremitus are diminished, and fine crepitant rales 
are heard such as occur at the margin of lungs or over an azygos lobe. 
In the upper lobe the breath sounds are tracheal because of the marked 
deviation of the trachea toward this portion of the lung. These signs 
frequently lead to a diagnosis of pneumonia. The changes in the pul- 
monary, cardiac, and liver dullness represent the absorption of alveolar 
gases followed by shrinking of the lung and displacement of the con- 
tiguous organs. The presence of crepitant rales, however, indicates 
that a certain amount of moisture is already present in the finer 
bronchioles or alveoli. When bronchial obstruction is due to a foreign 
body, wheezing sounds, as in asthma, may be heard over the whole 
chest. This generalized bronchial spasm is probably a reflex manifesta- 
tion to the foreign body. 

In the second or wet stage the size and expansion of the homolateral 
hemithorax are decreased, and the percussion note is flat. The breath 
and voice sounds as well as vocal and tactile fremitus are absent below. 
Tracheal voice and breath sounds may be heard in the upper lobe. 
Exeepting the flattening of the hemithorax and the displacement of the 
heart and trachea toward the affected side, the physical signs at this 
stage are identical with those of pleural effusion. 

The stage of fibrosis should be mentioned here because of the difficulty 
of differentiating it from the wet stage. The pulmonary resonance, voice 
and breath sounds and fremitus, as well as cardiac and tracheal dis- 
placement, are the same in both conditions; the tracheal breath sounds 
appear to be much better conducted in the fibrotic type. Marked con- 
duction of tracheal breath sounds is frequently found in the fibrotic 
type of atelectasis complicating tuberculosis as a result of cicatricial 
stricture of a bronchus. 

Complications such as pneumonia, pulmonary abscess and _ bronchi- 
ectasis bring in their own train of physical signs. 

The x-ray shadows in the very early stage of postoperative atelectasis 
already show the effect of the diminished size of the lung. The heart 
and trachea appear to be shifted toward the affected side, and the cor- 
responding leaf of the diaphragm is elevated. The lung appears less 





KAUNITZ: DRY AND WET STAGES OF OBSTRUCTIVE ATELECTASIS 517 


aerated than normal and is frequently mottled (Fig. 1A). This is a 
case of postoperative atelectasis, the obstruction being in the right upper 
lobe bronchus, and the shift of the heart and trachea toward the upper 
lobe is quite marked. The diaphragm is elevated, but not to the same 
extent as in cases where the main bronchus is completely occluded. 

The upper lobe appears slightly opaque with dense streaks radiating 
upward and outward from the hilum. These shadows have an opacity 
comparable with those cast by the heart and diaphragm or by a pleural 
effusion, and most probably represent liquid-containing areas of the 
lung. From this point the process may undergo resolution or continue 
to the wet stage. 

In Fig. 1B the same lung is shown two days later, after carbon dioxide 
and postural therapy. The heart and trachea are replaced toward the 
midline. The right lung appears better aerated, and, with few excep- 








Fig. 1.—Illustrating the first or dry stage of atelectasis, due to postoperative 
obstruction of the right upper lobe bronchus. 

A, The heart, mediastinum, and trachea are dislocated toward the affected lobe. 
The right lung is poorly illuminated, particularly the upper lobe in which there 
are patchy dense shadows radiating upward and outward from the hilum. These 
shadows, which are as dense as those of the heart and liver, may be attributed to 
early accumulation of liquid. The diaphragm is not elevated to the same extent as 
when the lower lobe bronchus is also occluded. 

B, Same case, after two days of postural drainage and carbon dioxide therapy. 
The heart and trachea are replaced toward the midline. The right lung now appears 
better aerated and the dense radiating shadows have practically disappeared, sug- 
gesting expulsion of mucus from the bronchus as well as absorption and evapora- 
tion of the liquid in the lung. 


tions, the dense radiating shadows over the upper lobe have disappeared. 
These pectorograms indicate that atelectasis may undergo resolution soon 
after the first stage and never reach the second or wet stage, provided 
that the obstruction is removed early enough. 

In the second stage, after the lung is filled with liquid, we obtain 
(Fig. 24) a homogeneous shadow so dense that it completely obscures 
the ribs and merges with shadows cast by the heart, liver, and diaphragm. 
Excepting for the displacement of the heart and trachea toward the 
affected side, this picture can be mistaken for pleural effusion. 

The coincidence of pleural effusion and atelectasis is not altogether 
a rarity, particularly in neoplasms of the bronchus or mediastinum. The 
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ease illustrated by Fig. 2A is one of atelectasis due to obstruction of 
the right main bronchus by an endobronchial carcinoma. The dense 
shadow is due to the presence of liquid in the lung and not in the pleural 
space. This was proved by the following procedure: a needle connected 
through a three-way stopcock to a syringe and pneumothorax manometer 
was introduced into the lung and 10 ¢«. of a thin, light, cloudy, mucoid 
liquid aspirated. The needle was then gradually withdrawn until it 
entered the pleural space, which was recognized by the sudden fall in 
pressure to —26, -12 em. water. A pneumothorax was now induced by 
injecting 500 cc. air (Fig. 2B). Had any liquid been present in the 
pleural space, a liquid level characteristic of hydropneumothorax would 
have formed, the dynamies of which have been explained elsewhere.** 





Fig. 2.—Illustrating the second or wet stage of atelectasis, due to old bronchogenic 
carcinoma of the right main bronchus. 

A, The right chest is contracted, and the heart, mediastinum, and trachea are 
dislocated toward the affected side. The dense homogeneous shadow which resembles 
pleural effusion is due to liquid in the lung and not in the pleural space. The 
shadow due to the liquid is comparable in density with that of the heart and liver. 

B, Same case as 2A. A needle connected to a syringe and pneumothorax manom- 
eter was introduced into the lung and 10 cc. of a seromucoid liquid aspirated. 
The needle was then withdrawn until it entered a free pleural space, which was 
recognized by the sudden fall in pressure to -26, -12 cm. water. Then 500 c.c. of 
air was introduced, creating a pneumothorax shown above the second rib. Absence 
of a liquid level helps to confirm that the liquid was aspirated from the lung and 
not from the pleural space. 


The result of the induced pneumothorax seen in Fig. 2B is an air space 
above the second rib. Below this the lung as well as the ribs are now 
better visualized because of the interposition of air between the lung 
and chest wall. The lung appears mottled at the apex; the heart and 
trachea have been only slightly shifted toward the midline by the 
pneumothorax. It appears evident that the dense homogeneous shadow 
is not due to intrapleural liquid but rather to liquid in the lung proper. 
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Both the obstruction and reopening of a bronchus can frequently be 
followed by x-ray studies (Fig. 3). This is a ease of postoperative ob- 
structive atelectasis. In Fig. 3A the greater part of the right upper 








Fig. 3.—Case of postoperative obstructive atelectasis, demonstrating progressive 
changes following closure and reopening of the bronchi. 

A, December 30, 1936. Obstruction of the right upper and middle lobe bronchi. 
Wet stage of atelectasis in the lower two-thirds of the right upper lobe and dry 
stage at apex and middle lobe. Heart and trachea are dislocated toward the right. 
Right diaphragm is elevated. 

B, December 31, 1936. Obstruction now includes right lower main bronchus. 
The entire right lung is in the wet stage of atelectasis. Heart and trachea dislocated 
to the right. 

C, January 2, 1937. Clearing in the upper lobe indicates removal of obstruction in 
the upper lobe bronchus. The middle and lower lobes remain flooded with liquid. 

D, January 11, 1937. Removal of bronchial obstruction on the right side fairly 
complete. The small triangular shadow to the right of the heart indicates residual 
atelectasis. The heart, trachea, and diaphragm are now practically in their normal 
positions. 
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lobe is in the wet stage while a part of the apex and middle lobe shows 
the early or dry stage. This may be attributed to a beginning obstruc- 
tion of the upper and middle lobe bronchi. In Fig. 3B, taken the follow- 
ing day, the obstruction has included the lower lobe bronchus, and we 
now find the entire lung field presenting one dense homogeneous shadow 
indicating the wet stage. Dislocation of the trachea and heart to the 
affected side is noted in both roentgenograms. Elevation of the dia- 
phragm can be observed only in Fig. 3A, before the lower lobe has been 
flooded with liquid. Resolution a few days later following removal of 
the obstruction is seen in Fig. 3C. Clearing beginning in the upper 
lobe is indicative of an early reopening of the upper lobe bronchus. The 
mediastinal structures remain dislocated toward the atelectatic lung. 


Fig. 4.—Azygos lobe atelectasis. The shadow cast by this lobe is only moderately 
opaque and represents condensation. A small amount of liquid is probably trapped 
in the alveoli and bronchioles. 


In Fig. 3D, taken nine days later, a more complete resolution is noticed. 
The heart and trachea are nearer to their normal location. The tri- 
angular area of density to the right of the heart and the slight elevation 
of the diaphragm suggest some residual atelectasis. 

For the purpose of comparison, pectorograms of azygos lobe, pneumo- 
thorax, and congenital atelectasis are presented. 

The azygos lobe (Fig. 4) is recognized by a moderately dense shadow 
at the upper part of the right side of the chest near the sternum. Azygos 
lobes, which are usually described as atelectatic, are frequently mistaken 
for tuberculous lesions, particularly because of the signs of impaired 
resonance and rales. It is to be noted that the shadow cast by the 
azygos lobe in no way compares with the dense shadow of the wet lung, 
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inasmuch as the latter obscures all the bony structures. The presence 
of rales in the azygos lobe, however, indicates that some moisture is 
present. 

In Fig. 5 is shown a normal right lung collapsed by pneumothorax. 
The shadow which it casts is not any denser than that of its normal com- 
panion and certainly less opaque than that of the wet lung of obstructive 
atelectasis. In spite of its collapsed state, this lung expands and con- 
tracts, expels mucus from the bronchi and permits evaporation of 
moisture from its interior. Therefore it should not accumulate liquid 
as in obstructive atelectasis. 


Fig. 5.—Compression atelectasis due to pneumothorax. The right lung, although 
partly collapsed, does not appear less aerated than its normal companion. There 
is no evidence of liquid in this type of atelectasis where the bronchus is oven, and 
where secretions may be expelled or may evaporate. 


Fig. 6 is a radiograph of a rabbit heart-lung preparation. The right 
lung is collapsed, the left distended. The heart is held upside down. 
The purpose of this preparation is to show the relative densities of the 
atelectatic and distended lungs under the same environmental conditions 
—unlike pneumothorax, where only the affected lung is surrounded by 
air. It is to be noticed that the shadow cast by the collapsed lung, al- 
though considerably denser than that of its distended companion, is not 
as dense as the portion of heart containing blood. 
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Fig. 6.—Rabbit heart-lung preparation, to show the relative densities of the ex- 
panded and collapsed lungs under the same environmental conditions, that is, when 
surrounded by air; this is unlike pneumothorax, where only the affected lung is 
surrounded by air. The heart is held upside down. It is to be noted that the 
collapsed lung, although casting a denser shadow than the distended lung, is less 
radiopaque than the portion of the heart containing blood. 














Fig. 7.—Congenital atelectasis. Dry atelectasis, where there is neither liquid 
in the lung nor gas in the pleura to complicate the picture. The lungs cast a homoge- 
neous radiographic shadow which is faint compared to the shadows cast by the 
osseous structures. 
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Probably the simplest type of atelectasis is the congenital form (Fig. 
7) where neither pneumothorax nor liquid accumulation have clouded 
the picture. As would be expected, such lungs east a rather light shadow 
as compared with the osseous structures of the thoracic cage. This would 
correspond to the first or dry stage of atelectasis. 

In cases of massive atelectasis of long duration, the lung, as has 
been mentioned, may become fibrotic, in which case the x-ray shadow 
may appear dense and homogeneous, exactly as in the wet stage of 
atelectasis. The coexistence of complicating bronchiectasis may be ob- 
secured by the dense shadow in the wet or fibrotic stages unless a success- 
ful bronchogram is obtained. 


CONCLUSIONS 


Obstruction of a bronchus is followed by absorption of the alveolar 
gases, resulting in diminished intrapulmonary pressure and leading 
to decreased pulmonary volume and intrapleural pressure. Diminution 
of intrathoracic pressure is responsible for transudation of blood elements 
from the capillaries into the alveolar spaces. Bronchial obstruction 
interferes with expulsion and evaporation of bronchial secretion and 
alveolar moisture. Because of mechanical obstruction and of changes in 
the intrathoracic pressure, liquid accumulates in the lung spaces. 


Atelectasis may be massive, lobar or lobular, depending on the bronchus 
occluded. In acute conditions, as in postoperative cases, an entire lung 
or lobe may be involved. In the aged and in invalids kept for long 
periods in the decubitus position, stasis of mucus in the smaller bronchi 
may lead to lobular or patchy atelectasis. 


Three arbitrary stages of atelectasis may be said to follow bronchial 
obstruction: (1) the dry or early stage which occurs with the absorp- 
tion of alveolar gases; (2) the wet stage, resulting from transudation 
of plasma and accumulation of bronchial secretion in the alveoli; (3) 
the fibrotic stage which follows a persistent wet stage and denudation 
of the alveolar epithelium. 

The radiographic shadows of obstructive atelectasis differ in accord- 
ance with the stage. In the first stage there is moderate density of the 
affected lung, the result of pulmonary condensation. As liquid makes 
its appearance, there is increase in the density, often of a patchy char- 
acter, until the second or wet stage is reached, when the shadow be- 
comes as dense as those cast by the heart or liver. The shadow may be 
opaque and homogeneous, resembling pleural effusion, from which it is 
easily differentiated by the dislocation of the heart, trachea, and 
mediastinal structures toward the affected lung. The ascent of the 
diaphragm is recognized in the early stage, but not in the wet or fibrotic 
stages, where the lung, ribs, heart, and liver are all fused into one dense 
homogeneous shadow. 
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STERILIZATION OF THE AIR IN THE OPERATING ROOM 
WITH BACTERICIDAL RADIATION* 


COMPARATIVE ANALYSIS oF 132 INDIVIDUAL STAGES OF EXTRAPLEURAL 
THORACOPLASTIES PERFORMED WITH RADIATION AND 110 STAGES 
PERFORMED WitHouT RADIATION 


Deryt Hart, M.D. 
DuruaM, N. C. 


URING the past fifteen months we have performed 132 individual 

stages of extrapleural thoracoplasties on 59 patients in a field of 
air sterilized by means of bactericidal radiant energy. The method 
was described and the results obtained in the first 18 cases were pre- 
sented' at the 1936 meeting of the American Association for Thoracic 
Surgery. 

The improvement in clinical results brought about by sterilization of 
the air with bactericidal radiation will be presented under the following 
headings: (1) mortality, (2) infection, (3) postoperative temperature 
elevation, (4) duration of elevated temperature after operation, (5) 


wound healing, (6) general reaction of the patient, (7) changes in the 
operative procedure. 

The various statistics are given in the tables, and for purposes of com- 
parison similar statistics are given for the 110 thoracoplasties (individual 
stages) performed between 1930 and 1936 without sterilization of the 
air. 


Mortality—The mortality has been more than cut in half by the 
elimination of cases of severe wound infection which resulted in death 
(Table I). There have been three deaths, all of which might have been 
avoided. 

The first patient, a white woman with tracheobronchial tuberculosis, 
died of respiratory obstruction four days after operation in spite of the 
use of an oxygen tent and final resort to tracheotomy. This patient 
should not have been operated upon. 

The second patient, a colored woman, stopped breathing during the 
induction stage of nitrous oxide and oxygen anesthesia. After a period 
of artificial respiration, her condition seemed satisfactory and it was 
decided to proceed with the operation. She stopped breathing again 
after the removal of parts of the second and third ribs. Every effort 
at resuscitation failed. 


*From the Department of Surgery, Duke University School of Medicine and Hospital. 
Read before the Twentieth Annual Meeting of the American Association for 
Thoracic Surgery at Saranac Lake, N. Y., May 31, June 1 and 2, 1937. 
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The third patient, a white woman, had five ribs resected thirteen days 
after the first stage, at which time the upper three ribs had been re- 
moved. The condition of the patient was good throughout the time of 
the resections, and there was little mobilization of the lung due to 
fibrosis and inflammatory reaction. The patient went into shock during 
the closure and died within a few minutes. The operator ascribed the 
death to the magnitude of the operation carried out at one stage be- 
cause of his desire to save the patient from a third operative procedure. 

Infections —Before beginning the use of bactericidal radiation all 
thoracoplasties were drained, since there was an occasional severe infec- 
tion which necessitated opening the wound widely. In four of these 
patients death occurred as a result of the infection. Our records show 
that an organism, usually the hemolytic Staphylococcus aureus, was 
cultured from the wound in 33 per cent of the eases. Probably the only 
reason that this percentage was not higher was the lack of diligence on 
the part of the internes in obtaining cultures. Unquestionably, all 
wounds were contaminated, and many of them drained for several days. 
The first three patients operated on in a field of bactericidal radiation 
were drained. Cultures of the drains on removal failed to show any 
growth, and no drains have been inserted at operation since that time. 

There have been five infections (3.8 per cent, Tables I, II and IIT), 


only one of which was severe, and this was the only one which occurred 
in a primary incision (46 per cent of the total operations). This in- 
fection was anticipated since there was gross contamination of the 
wound with infected perspiration as the result of a large rent in the 


TABLE I 


INFECTION AND MORTALITY STATISTICS. COMPARISON OF RESULTS WITH AND WITHOUT 
BACTERICIDAL RADIATION 








WITIL RADIATION WITHOUT RADIATION 

NO. % NO. % 
Total number of operations 32 100.0 110 100.0 
Infections 5 3.8 36 33.0 
Mortality from infection 0 0 + 5.6 
Total mortality 3 2.3 6 5.5 

Percentage is based on total number of operations and not on total number of 

patients. 














TABLE II 


INFECTIONS IN INCISIONS PERFORMED IN A FIELD OF BACTERICIDAL RADIATION. Com- 
PARISON OF RESULTS OBTAINED IN PRIMARY INCISIONS WITH THOSE OBTAINED 
IN INCISIONS WHICH WERE REOPENED FOR SECOND AND THIRD STAGES 








NUMBER % 

INFECTED INFECTED 

Primary 61 1 1.6 Gross contamination at opera- 
incisions tion 

Incisions 71 4 5.6 Organisms entered  subcuta- 
reopened neous tissues along sutures 

for first stage? 


NO. CAUSE OF INFECTION 
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operator’s glove on a hot day. The other four followed reopening of 
the wound for the second or third stage (54 per cent of the total opera- 
tions). In no ease was it severe enough to threaten the life of the patient. 


TEMPE RATURE~(C) 


48124 612486124 8124 8124 612486 we 81248 — 6124 _— 812 
DAYS AFTER OPERATION 


Fig. 1.—No. 72989. Thoracoplasty, incision reopened for third stage. After the 
first two stages (8 ribs removed) the temperature remained below 38° C. (100.4° F.). 
After the third stage, bloody fluid, not having the appearance of pus, was aspirated 
on the fourth and seventh days. Material from the second aspiration showed a 
positive growth of Staphylococcus aureus. Temperature remained low. Infection 
cleared up with drainage. 


DAYS OPERATION * 4 

Fig. 2.—No. 78393. Thoracoplasty, incision reopened for second stage. The temper- 
ature remained below 37.7° C. (100° F.) after first stage (3 ribs). After the second 
stage only on four occasions during the twenty-one days before the infection showed 
up was the temperature recorded above 38° C. (100.4° F.). The organisms, white 
staphylococci, were harbored about silk sutures in the superficial tissues. 


J.B. 
NO75344, 
40 


TEMPERATURE (C) 


HOURS 4 6 1248124 6124 8 124 8124 6124 8124 6124 8 124 4 
DAYS AFTER OPERATION 


Fig. 3.—No. 78344. Thoracoplasty, incision reopened for second siage. After the 
first stage (upper 4 ribs) the temperature rose to 38.6° C. (101.5° F.). This was 
only 0.6° C, above the preoperative level, and it was down to normal within four days. 
After the second stage (next 4 ribs) an area of superficial infection (Staphylococcus 
aureus) extending about two inches along the incision was found on the sixth day. 
Healing was rapid following drainage. 


In three wounds the infection was superficial, while in the fourth it was 
beneath the scapula. The temperature curve for the first week and a 
summary of each infected case is given. (Table III and Figs. 1-5.) 
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It is our impression that in the feur cases in which infection followed 
reopening of the wound, the organisms gained entrance to the subeu- 
taneous tissues along the skin sutures for the preceding stage. Recently 
a number of incisions, which would have to be reopened, have been 
closed with a subeuticular suture of wire. There has been excellent heal- 
ing, and, to date, no infection has oceurred following reopening a wound 
closed in this manner. 


MG 
NO 65434 


TEMPERATURE 


3 a 
DAYS AFTER OPERATION 


Fig. 4.—No. 65434. Thoracoplasty, incision reopened for second stage. After the 
first stage (3 upper ribs) the four-hour temperature record showed only four eleva- 
tions above 38° C. (100.4° F.) and remained normal after three days. Twelve days 
after the second stage (next 3 ribs) a deep-seated infected hematoma (Staphylococcus 
aureus) was discovered beneath the scapula. The infection subsided with drainage. 
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Fig. 5.—No. 3498. Thoracoplasty—first stage. Grossly contaminated with infected 
perspiration. During the first stage (4 upper ribs) performed on a hot day, there 
was gross contamination of the wound with infected perspiration as the result of a 
torn glove. The wound was thoroughly washed out with normal salt solution and 
had to be opened widely seven days after operation. The infection (hemolytic 
Staphylococcus aureus) gradually subsided, but it was nine weeks before healing was 
complete so that the second stage could be performed. 


Postoperative Temperature Elevation.—Sterilization of the air was 
started during the winter. There was an immediate drop in the average 
postoperative temperature elevation (Table IV) so that more than 
two-thirds of the patients did not have more than two recorded eleva- 
tions above 38° C. following operation, as compared to one-third of the 
patients without radiation, who fell in this group. With the warmer 
months (May 15 to October 15) the patients began to run a higher 
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temperature, but still much lower than before the introduction of the 
radiation (Table V). The higher temperature during the summer we 
aseribe partly to the heat but more to the possible contamination of the 
wound with infected perspiration (from the skin of either the patient 


TABLE IV 


TEMPERATURE ELEVATION. COMPARISON OF RESULTS FOLLOWING OPERATIONS PER- 
FORMED WITH AND WITHOUT BACTERICIDAL RADIATION 








BEFORE OPERATION AFTER OPERA'TION 

WITH WITHOUT WITH WITHOUT 
RADIATION RADIATION TEMPERATURE RADIATION RADIATION 
NO. | % No. | % NO. % NO. % 
114 86.4 97 88.2 37°-37. 30 67 2 
15 11.4 12 10.8 37°-: 58 : 33 


l 
§ 

3 2.2 l 1.0 37°-36 38 58 

0 0 0 0 ‘ se 33 16 \ 68 
J 














29 
va 


ye. f 2 
1 J 1 
*In Tables IV-VI the temperatures above 39° are accounted for in five of the six 


cases as follows: infection, two cases; extension opposite lung, two cases; temperature 
of 39° before operation, one case. 














or some member of the operating team). During the cooler part of the 
year 72 per cent of the operations were followed by a temperature falling 
in the 37°-38° C. (98.6°-100.4° F.) group, while in the hotter months 
only 51 per cent of the operations were followed by a comparably low 
temperature (Table V). 


TABLE V 


POSTOPERATIVE TEMPERATURE ELEVATION WITH RADIATION VARIATIONS DEPENDENT 
ON THE TIME OF YEAR 








cooL (oct. 15 TO MAy 15) WARM (MAY 15 To ocT. 15) 
NO. % NO. % 
37°-37.5° 27 79 ‘ r 
37°-38° 43 = " 
37°-39° 24 
37°-40° 3 28 2 - 49 
37°-41° 0 
Total 97 100 de 100 





TEMPERATURE 

















The temperature elevation also varied with the stage of the thoraco- 
plasty. The first stage was followed by a temperature in the 37°-38° C. 
(98.4°-100.4° F.) group in only 53 per cent of the cases (Table VI). 
The second and third stages were followed by this low temperature in 
80 per cent of the cases (Table VI) even though these operations have 
been performed by reopening the old incision at two- to three-week 
intervals and even though four of the five infections have occurred in 
these stages (Table 1!). It is thought that the higher temperature 
following the first stage frequently results from the disturbance of the 
tuberculous process. 
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TABLE VI 
TEMPERATURE ELEVATION WITH RADIATION 


COMPARISON OF THE POSTOPERATIVE TEMPERATURE ELEVATION FOR DIFFERENT STAGES 








BEFORE OPERATION | AFTER OPERATION 

FIRST STAGE |SECOND STAGE] THIRD STAGE | ANTE2IOR 
TEMPERA- |59 OPERATIONS|48 OPERATIONS|23 OPERATIONS|2 OPERATIONS 
NO 
37° -a7 5° 9 
37°-38° 22 


37°-39° 24 
3 








TURE 





15 
pm 80 80 


pat) 


% NO. % ‘ % NO. 
53 5) 
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5 
37°-40° 3 4 
37°-41° 1 

















a A awe 
a | 20 J 0 


0 





Duration of Temperature Elevation——The duration of the elevated 
temperature following operation has been greatly shortened by sterilizing 
the air (Table VII). Where the air has been sterilized the duration 


TABLE VII 
DURATION OF ELEVATED TEMPERATURE AFTER OPERATION 


COMPARISON OF RESULTS WITH AND WITHOUT BACTERICIDAL RADIATION 








WITH RADIATION WITHOUT RADIATION 
NO. % NO. % 


95 2 

3 0 

27 : 1 

16 11 

23 10 

16 35 

* 39 

3* 20 6 
on J 6 J 


*The temperature elevations of more than seven days are accounted for as follows: 











— 
So 


o 


7 *% 


100 OV Cok 





woe 
me Oy 








1-2 weeks: Unexplained 
Iextension of tuberculous process 
Tuberculous empyema with secondary infection 
Infected wound 


2-3 weeks: Infected wound 
Extension tuberculous process 


3 + weeks: Infected wound 
Extension tuberculous process 


has been further affected by the season. During the warmer part of the 
year the percentage of patients running a temperature for more than 
four days after operation has been more than three times as great as 
during the cooler months (Table VIII). The percentage of patients 
running a temperature elevation for four days or less was practically 
the same (78-83 per cent) for all stages (Table IX). 

Wound Healing—With radiation the wound healing has been more 
rapid and with less reaction when reopened for the second and third 


stages than in those cases in which radiation was not used (Table X). 
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TABLE VIII 


DURATION OF POSTOPERATIVE TEMPERATURE ELEVATION WITH RADIATION. VARIATIONS 
DEPENDENT ON THE TIME OF YEAR 








COOL WARM 
(oct. 15 TO MAY 15) (MAY 15 TO ocT. 15) 
TOTAL OPERATIONS 97 35 
DAYS NO. % NO. % 
31 4 
2 
20 
14 
Ly § 
-7 7 
-2 weeks 4* 
3 weeks Fs 
3+ weeks | 
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*See footnote Table VII. 


TABLE IX 


DURATION OF POSTOPERATIVE TEMPERATURE ELEVATION WITH RADIATION. COMPARI- 
SON OF DIFFERENT STAGES 








STAGE I | STAGE II STAGE IIL ANTERIOR 





NO. % NO. % NO. % NO. 
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TABLE X 


TIME REQUIRED FOR HEALING. COMPARISON OF RESULTS WITH AND WITHOUT Bac- 
TERICIDAL RADIATION 











WITH RADIATION WITHOUT RADIATION 
DAYS DAYS 








Uninfected cases 
Average 21 
Shortest : 11 
Longest 44 

Infected cases 
Average . 3 
Shortest 16 
Longest 73 
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Wounds have also been reopened at an earlier date than in those eases 
in which the radiation was not used. In certain recent cases where the 
closure has been made with wire instead of catgut there has been still 
less reaction noted when the wound was reopened (Figs. 6 and 7). 
General Reaction of the Patient—The postoperative condition of the 
patient has been greatly improved. The internes’ postoperative notes 
record 95.5 per cent of the patients as being in good condition (this group 
includes some patients with low blood pressure who responded well to 
transfusion), 1.5 per cent as being in fair condition, and 3 per cent as 
being in poor condition. The last two groups were composed of three 











Fig. 6. Fig. 7. 

Fig. 6.—Photograph showing the scar of an extrapleural thoracoplasty closed with 
a subcuticular wire. At the second stage, fourteen days after the first stage, the 
wound was reopened without excision of the scar and extended at the lower end. 
The wire was removed, four ribs were resected, and the incision was again closed with 
continuous sutures of wire. Photograph taken ten days after the second operation. 

Fig. 7.—Photograph of the patient shown in Fig. 6 taken ten days after the third 
stage, which was performed fifteen days following the second stage. The scar was not 
excised at either the second or third stage. At the third stage the wound was closed 
with catgut for the muscle and subcutaneous tissue and with silk for the skin. Wire 
was not used since no further operative procedure was anticipated. The oblique part 
of the scar is the result of three incisions performed at intervals of fourteen and 
fifteen days witheut excision of the scar. 


patients who showed an extension of the tuberculous process; two, an 
infection in the wound; and one, a respiratory obstruction from tracheo- 
bronchial tuberculosis. In practically all cases the postoperative pain 
has been less, and convalescence has been more rapid than in the cases 
in which radiation was not used. 
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upper flap, including the scapula, is retracted laterally to remove the 
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upper ribs, while the lower flap is retracted medially for removal of the 
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been shortened to thirteen to sixteen days in most of the recent cases. 
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Conclusions.—It is our impression that every operative incision is con- 
taminated with pathogenic bacteria. With a small area of exposure, 
avoidance of trauma and strangulation of tissue, meticulous hemostasis, 
and closure with silk, there is little possibility of the bacteria gaining 
a foothold. The risk of infection, however, is much greater in an opera- 
tion such as a thoracoplasty, where such ideal conditions are not possible 
at all times. Contamination of the wound from the air can be eliminated 
almost completely by means of bactericidal radiation. With this elimina- 
tion of contamination with air borne pathogenic bacteria, unexplained 
infections in primary incisions have been greatly reduced if not elimi- 
nated. 

The infections in the wounds where a recent incision has been re- 
opened have been mild and localized. It is our impression that in these 
eases the organisms gain access to the subeutaneous tissues along the 
skin sutures for the preceding operation. These infections can prob- 
ably be reduced by closing the preceding operative incisions with sub- 
cuticular sutures of wire instead of skin sutures. 


Sterilization of the polluted air has closed the greatest remaining 
source of contamination of clean operative wounds. Contamination 
along the skin sutures and from infected perspiration must be eare- 
fully guarded against, particularly in those cases where the wound is 
to be reopened. 
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DISCUSSION 


DR. DAVID T. SMITH, Durham, N. C.—It has been my pleasure and privilege to 
watch Dr. Hart’s work from the beginning. I saw most of his early cases, both 
before and after each stage of the thoracoplasty; I also saw the patients before and 
after he introduced his lamp. The difference in the appearance of the patients is 
more striking than can be shown by the slides. The patients do not have so much 
shock, and the thing that amazed me was that they wanted to eat. As a medical 
man, I am always pleased when a patient wants to eat. I was amazed, also, that 
pathogenic bacteria should be found in such numbers in the air. I would have been 
convinced that these were pathogenic bacteria had it not been for the experience 
of some of my assistants with the staphylococci that were recovered from the air 
in the operating room. They will make very powerful exotoxin which will kill a 
rabbit in two minutes; and only with such evidence as that was I firmly convinced 
that these were important organisms. 

There is no doubt in my mind of the result of these thousands of cultures that 
Dr. Hart made in the last six years. When he exposes plates early in the morning 
when the operating room is empty, there are practically no bacteria in the air. As 
soon as the nurses and surgeons come into the operating room, pathogenic organisms 
are thrown off into the air, more probably from breathing than from rubbing off 
the skin. If any of you wish to make a test, simply take a blood agar plate, and 
after you are ready for operation, talk through a gauze mask on the plate; I think 
you will be surprised at the result. 





THE SILVER LINEATION ON THE SURFACE OF THE 
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T HAS long been known that a network of fine dark lines exists on 

the walls of alveoli of lungs which, while fresh, have been briefly dis- 
tended with weak silver nitrate solution, washed out with distilled 
water, fixed at once, preferably by injection into the bronchial tree, and 
acted upon by direct sunlight or photographie developer. The litera- 
ture on the subject is replete with illustrations of the pattern which 
these lines form: for instance in Koelliker’s Handbuch' (1899) we find 
three en face views. Much attention has been given to their interpreta- 
tion. From analogy with similarly produced silver lines along the 
boundaries of pavement epithelial cells, and of endothelial cells in blood 
and lymph vessels, it was early surmised that the lines on the alveolar 
walls marked the borders of the epithelial cells, of entodermal origin, 
which were thought to cover these walls. This view was strengthened 
by the observation that the epithelial cells of the bronchioles, with which 
the surface cells of the alveoli were presumed to be united in a continu- 
ous layer, were each encircled by a silvered band, and that the sum total 
of these bands, when seen in surface view, appeared as a fairly regular 
mosaie pattern. But the silver-line network on the alveolar wall stands 
in sharp contrast with that of ordinary epithelium or endothelium in 
that the meshes show a striking inequality in size; indeed most of the 
wall of the mature definitive mammalian alveolus is occupied by curious 
large and irregular areas in which often no nuclei can be demonstrated, 
with borders pencilled by the silver deposit. 

The point of the matter was, and still is, the interpretation of these 
large enclosures (which I shall speak of as ‘‘bare areas’’). They were 
regarded by many as extremely thin and wide cells, analogous to the 
‘‘respiratory epithelium’’ of lower forms, such as frogs and turtles, and 
derived, of course, from the continuous epithelial layer universally ad- 
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mitted to line the alveolar walls in the embryo. Where no nucleus was 
discerned, they were spoken of as ‘‘non-nucleated plates’’ or ‘‘squames’’ 
by some workers, to whom they appeared as the end result of a high 
degree of specialization of the original entodermal epithelial cells. Others 
thought that the bare areas were thin extensions of nucleated epithelial 
cell bodies, situated in the capillary meshes, and even denied the exist- 
ence of nonnucleated squames. These hypothetical diaphanous films or 
flanges were, it is true, invisible in ordinary preparations, but their 
presence was not to be ruled out on that account alone. So held their 
votaries who, walking in this matter by faith, not by sight, thought of 
them as the product of a further differentiation of the cell extensions in 
amphibia and reptiles. This group viewed the alveolar wall as com- 
pletely covered by epithelium, so broadening the meaning of the word to 
include these ordinarily invisible plaques. But more recently a school 
of thought has arisen which looks upon the bare areas as nonepithelial. 
Its adherents refuse to credit what their eyes cannot see, and, therefore, 
assume that the wall here is surfaced only by a connective tissue fabric. 
Among the bare areas on definitive walls, both of these schools reeog- 
nize scattered cells occurring singly or in small groups, which are ap- 
parently the modified survivors of the original epithelium. Clara 
\ (1936)? speaks of these cells as ‘‘epicytes.’’ Finally, a group of extrem- 
ists has arisen who deny outright the occurrence of epithelium upon 
the wall, which they deseribe as completely ‘‘nude.’’ The alveoli thus 
become, in effect, physiologic interstitial emphysematous spaces. The 
pros and cons of this epithelium question are set forth in the report of 
a Round Table Conference on ‘‘Pulmonie Alveolar Epithelium’’ which 
was held under the auspices of the American Association of Anatomists 
at Durham, N. C., on April 11, 1936.° 
Thus, although much has been said and written upon the subject of 
the nature of the surface of the mature mammalian pulmonie alveolar 
wall, the evidence has so far not been sufficiently definite to win investi- 
gators over to a uniform view. Further study of the problem is obvi- 
ously necessary. Therefore, since I feel that alveolar silver lineation 
may have a bearing on the problem, I have ventured to make the fol- 
iowing brief report of my recent investigations in this field. 





































MATERIAL AND METHODS 






Typical mammalian lungs from healthy, mature, domestic cats were 
used. The animals were anesthetized with ether, strapped to a board, 
and bled thoroughly by cutting the great abdominal vessels. Upon 
cessation of the heart beat, the chest was carefully opened. The fresh 
collapsed and almost completely exsanguinated lungs were then treated 
as follows: The trachea was cannulated and a fresh solution of 0.2 per 
cent silver nitrate in distilled water was allowed to run in and distend 
the lungs for a period of one minute. It was immediately drained out, 
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and the lungs were at once washed out in the same way with two changes 
of distilled water, emptied and filled with 10 per cent aqueous neutral 
formalin. The trachea was then clamped and the lungs immersed in 
10 per cent formalin, in which they remained for twenty-four hours or 
more. In one ease the operations were done with the lungs in situ, and 
here the degree of distention was approximately that of full expiration 
or slightly less. In others the lungs were removed before the fillings, 
and the degree of distention was approximately that of full inspira- 
tion. A solution of silver citrate made according to the formula of R. D. 
Bensley,‘ and used in place of the silver nitrate, gave excellent results. 

When the material had become quite stiff, blocks were taken from 
different lobes. Some were frozen and cut at about 504. Others, after 
immersion in dioxane, were embedded in paraffin and cut at 3p, 10y, and 
25u. Many of the frozen sections were flattened and affixed to the slides 
before being stained. These were particularly useful, because in them 
selected areas of alveolar wall, lying flat in the optical plane, could be 
conveniently explored, even with the oil immersion lens. Others were 
prepared in the open, or uncollapsed, condition. In eases where the 
plane of section was parallel to the axis of a bronchiole, the lineation 
on the junctional region between bronchiole and alveolar duct or alveolus 
could be surveyed as a continuous whole. It is, of course, essential to 
study the surfaces of the alveoli and air canals by viewing them en face, 
and this is impossible in ordinary thin sections. 

The lines of silver deposit were darkened by exposure of the sections 
to direct sunlight or to weak photographie developer. As an alternative, 
it was found possible to darken the silver lines by flooding the interior 
of the lungs with 1/10 strength hydroquinone solution after rinsing 
out the excess silver solution and before fixation. 

Many of the sections were cleared and mounted without staining. In 
these the lines stand out with great distinctness. In order to relate the 
lines to the neighboring tissues, various staining techniques were em- 
ployed, including Mayer’s paracarmine, Masson’s polychrome stains, 
Mallory’s connective tissue stain, Weigert’s elastic tissue stain, modified 
Bielschowsky and others. These stained sections displayed the relation 
of the silver lines to the epicytes, the nuclei of mural cells, the ground 
membrane or substance, the capillary surfaces, and the various fibers, 
elastic, collagenous and reticulum. The stereoscopic microscope was 
found very useful in exploring the thick open sections; and by diligent 
foeussing and close study of the parts, it was possible to ascertain the 
position and interrelations of the lines with a fair degree of accuracy. 
Such studies are time-consuming, of course: often an entire evening 
would be devoted to intensive microscopic work on a relatively small 
region of lung. On account of the difficulty of getting any considerable 
area of alveolar wall into the optical plane, and also because of inter- 
ference by other parts of the wall, it was not possible to obtain ideal 
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photomicrographs; but some fairly good fields were recorded thus in 
spite of the obstacles. In interpreting this network of silver lines we 
must make allowance for the fact that the usual alveolar wall is really 
a partition between two alveolar spaces, and thus has two surfaces which 
are very close together; and it follows that the networks of these two 
surfaces, when seen in face views, are superposed. This optical inter- 
mingling of the two networks is particularly close in the flattened frozen 
sections. However, by appropriate stereoscopic observation and the use 
of high powers, this confusion is largely resolved in visual work, but can- 
not be eliminated altogether from the photographs. In places where 
alveoli abut upon the sheaths of blood vessels or bronchi, or the pleuré 
(Fig. 1), instead of upon a neighboring alveolus, there is only one layer 
of silver lines. The thin paraffin sections were very valuable in supple- 





Fig. 1.—Photomicrograph made from a flattened frozen section with Zeiss 4 mm. 
apochromatic objective and Zeiss K7X Mobimi ocular, stained with Masson’s poly- 
chrome hemalum-phloxin-saffron mixture (hydroquinone development and formalin 
fixation). The section was cut obliquely, and shows the base of an alveolus abutting 
upon the pleura. Thus there is only one layer of silvered lines. The outer dark zone, 
in which no detail can be seen, is the flattened side wall of the alveolus. The floor or 
base is not all in the optical plane, and so all of it is not in focus. It is possible to see 
the silver lines around the epicytes and the bare areas. The epicytes (see text) are 
more numerous in proportion to the bare areas than they are on the definitive walls. 
They are of fairly uniform size, occur singly or in groups of two, three or even more 
on bases like this abutting upon pleura (or upon the sheaths of bloodvessels or air- 
tubes). The outlines approach the oval or circular, but often show one or more angles. 
When in focus, a nucleus can be discerned in each. Each epicyte outline is connected 
with the silver lines around other epicytes or bare areas. Many cf the epicytes here 
are out of focus. The bare areas are the larger enclosures and have no surface 
nuclei (for their description, see text). It is, of course, impossible to show in a 
small photograph the entire pattern of the silver-line network on the wall, for this 
requires focussing at different levels. Section S63-48R-2-3. 


menting the spread alveolar wall preparations in that they gave views 
of the ends of the lines in relation to neighboring parts, such as the 
epicytes, and supplied details of all elements of the wall. 

Description of the Lines——The best beginning of this study is made 
with a thick ‘‘open’’ frozen section of lung substance, cleared after hav- 
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ing been developed, but not stained. It has been taken preferably from 
the peripheral region of the lung, where no great bronchi, blood vessels, 
or masses of connective tissue obstruct the view. The stereoscopic pic- 
ture is very striking. At first it seems a hopeless tangle, as of fine 
slightly kinked wires, but careful scrutiny soon brings order out of ap- 
parent chaos, and we note that the network encloses definite spaces, the 
alveoli; and we ean also see that these are but outpouchings of the 
alveolar sacs, ducts, and respiratory bronchioles. Here and there a 
densely stained fine-meshed tubular network is recognized as a section of 
the lining of a bronchus or bronehiolus. The blood vessels and connee- 
tive tissue formations are not prominent in such preparations. The 
pleura, if it occurs, is easily identified. 

On examining the alveolar walls with a higher power we see at once 
that there are two sizes of mesh which, although belonging to the same 
system, nevertheless have very outstanding differences. There are (a) 
large, irregular meshes which occupy by far the greater part of the sur- 
face area, and are surrounded by fine moderately crooked silver lines. 
These are the aforementioned ‘‘bare areas.’? Then there are (b) the 
conspicuous small ovoid or simple angulated enclosures, of fairly uni- 
form size, marked by more distinct silver lines, with contained substance 
typieally light golden brown in color in the cleared condition. These are 
the epicytes. They always contain a nucleus, and have obvious sub- 
stanee, in contrast to the bare areas, which appear to be only plots 
bounded by the silver lines. The epicytes, in these cleared preparations, 
seem to be caught in the wire entanglement. They usually occur singly, 
but may be in small groups. Their numbers depend largely on the type 
of wall under consideration. On the two faces of the partition of the 
definitive alveolar wall the epicytes are relatively scarce, almost all of 
the wall being occupied by the bare areas. But if we are dealing with an 
alveolar base which rests upon the sheath of an artery, vein, or airway 
(bronehus or bronechiolus) or against the pleura (Fig. 1), then the num- 
ber of epicytes is greater. In such eases there are often groups of two, 
three or more, and the space occupied by the bare areas is relatively less. 
Here the capillary net is less rich (Miller®). Where the bare areas are 
greatest, we find the richest capillary network; this is significant. Cells 
which seem to be intermediate in type between the definitive epicytes and 
the cells of the continuous bronchiolar epithelium are found in consider- 
able numbers in the alveoli of more embryonic type, which communicate 
directly with the respiratory bronchioles. 

In these cleared thick sections it is possible to study the network in 
different parts of the lumen of the bronchial ‘‘tree.’’ This tree, as Mack- 
lin® (1929) has pointed out, may be conveniently considered as having 
two parts, (1) a main conducting division, which has smooth walls, and 
(2) a peripheral respiratory division, whose relatively short and fine- 
ealibered tubes are characterized by sarculations—the alveoli and 
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alveolar sacs—on their thin walls. The respiratory division consists of a 
very large number of units, the primary pulmonic lobules, and each of 
these has as its stem the respiratory bronchiole, in which the saceulations 
are of a primitive nature—small, at first confined to one side of the tube, 
and also at first lined with a cuboidal type of epithelium. From each 
stem a much-branched system of sacculated ducts arises. These saccu- 
lated tubes are really specialized bronchioles, but they go, in common 
parlance today, following the usage of Miller and others, as ‘‘respira- 
tory bronchioles,’’ ‘‘alveolar ducts,’’ and ‘‘alveolar saes,’’ the last-men- 
tioned being blind, save for the pores (Macklin, 1934,’? 1935,° 1936°). So 
rich is the wall of the alveolar duct system in perforations leading into 
similar tubes and saes that it looks like a sieve when spread out (Mack- 
lin, 19297°). These rounded openings on the walls of the respiratory 
division are formed by the myoelastie sphincters—a part of the bronchial 
musculature (Macklin, 1929°). This part of the lung is readily dilatable, 
opening and closing something like a bellows as the air flows and ebbs 
through it with respiratory movements. A summary of our knowledge 
of this terminal and complicated subdivision of the lung, together with a 
history of the scholastic evolution of these parts, is to be found in the 
recent excellent treatise of William Snow Miller (1937°). It is neces- 
sary to have a picture of these airway terminals in mind if we are to 
understand the topography of the silver-line system being dealt with 
here. 

In favorable sections it is possible to obtain views of the silver lines 
in transitional regions between the smooth-walled bronchioles and the 
sacculated, and here the network is especially worthy of note. In the 
smooth-walled bronchioles the meshes are small and fairly uniform in 
size and shape. Their heavy pencilling with silver is characteristic of 
the continuous simple epithelium which makes up the surface of the 
main conducting part of the airway. In the junctional region ushering 
in the respiratory part of the air duct system we note the occurrence, 
here and there, of somewhat larger meshes, with clearer and lighter 
interior ; and where the epithelium of the respiratory bronchiole passes 
over upon the surface of the communicating alveoli there is a marked 
change. The remarkable thing here is a widening and clarification of 
many of the meshes. As these larger meshes increase in size and number, 
the epithelial cells in the smaller meshes become relatively reduced in 
numbers. From a continuous membrane they break up into rows or 
patches, and finally into small groups, and, at the end, that is on the 
definitive alveolar walls, they occur as single isolated cells, which are 
then known as epicytes (Clara, 19367). The impression is that the 
epicytes are scattered, as we pass from the bronchioles to the alveoli. The 
epicytes retain about the same size as the regular epithelial cells of the 
respiratory bronchioles. They tend to be larger than those of the smooth- 
walled bronchioles. It is in the immediate outpocketings and beginnings 
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of the branches of the respiratory bronchioles that this ‘‘scattering’’ oc- 
curs, and it is due, of course, to the gradual ascendancy upon the surface, 
of the large meshes which, on definitive walls, are known as the ‘‘bare 
areas,’’ and there make up almost all of the alveolar wall surface. In the 
transition from the smooth-walled bronchioles to the respiratory bron- 
chioles the regular epithelium is prolonged upon the narrowing continua- 
tions of the wall between the outpouchings. These openings become 
larger and more closely set as we pass peripherally. The respiratory 
bronchiole soon leads off into a system of alveolar ducts, and the epithe- 
lium mosaie, characteristic of the respiratory bronchioles, continues to be 
prolonged into the beginnings of these tubes as still narrower segments 
of the actual wall. As we study the borders of these extensions we see 
that the silver line network passes suddenly and directly over into the 
wide-meshed surface network of the alveolar walls, with epicytes caught 
in the smaller meshes. 

Continuity of the Network.—Thus it is evident that the silver-line net- 
work of the bronchioles passes directly over into that of the terminal 
tubes and alveolar outpouchings. There is doubtless a continuous mesh- 
work of silver lines from the larynx to the alveoli. This is to be expected 
from the development of these parts, which arise as an entodermal out- 
pouching of the cranial end of the primitive digestive tract. The silver 
lines are fundamentally related to the epithelium, and there is in the 
embryo a continuous layer of epithelium in the alveolar walls which are 
the blind ends of the primitive bronchioles. Thus the silver lines on the 
alveolar walls themselves are a part of the original epithelial layer which 
covered these walls in the embryo, and which still covers them in lower 
forms, as the frog. The interesting thing is the change which has gone 
on in the epithelium during the formation of the bare areas (and con- 
sequently also in the disposition of the argyrophilic material which sur- 
rounds each cell), and the ultimate nature of the surface represented 
by these bare areas. Before discussing these problems, we shall take up 
certain additional points in connection with the lines. 

The physical basis of the silver lines is discussed in the literature, but 
we do not yet have the final answer. Obviously, we must be dealing with 
material which has a special affinity for silver, for when a relatively weak 
solution of silver salt is brought into contact with this for only a brief 
time, there is so much silver taken up that it appears dense brown or 
even black after development. It is upon this argyrophilie property that: 
good visibility of this material depends. It has been thought to be a 
sort of cement substance which occurs between the epithelial cells. It 
must be readily adaptable to lengthening associated with the increase in 
the surface area of the cells which it surrounds, or at least to the surface 
increase of the emplacements upon which the cells originally rested. In 
the bronchioles the occasional larger meshes apparently contain actual 
cells. Moreover, it seems to be elastic, adapting itself readily to the 
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slight inerease and diminution of the surface of the alveolus in respira- 
tory 1ovements. This is not the place to discuss the biochemistry of this 
material, which seems to be closely allied with that between endothelial 
cells. 

The flattened specimens of frozen sections are particularly helpful in 
giving us information about the silver lines. We may turn the oil im- 
mersion lens upon the spread alveolar wall and make a systematic sur- 
vey of it. The lines appear of variable width, within a certain limited 
range. Those around the epicytes are more heavily marked. Those 
bounding the bare areas differ in width and density of impregnation. 
Some are quite well marked, and others are faint, and some even fade 
out altogether. Often, and particularly if the alveolus has been well dis- 
tended, the line may be replaced by a succession of granules. The im- 
pression is that all the lines were originally a part of a continuous net- 
work, and that there were no free ends; but that, through the disap- 
pearance of some of the argyrophilic substance, the net has become 
broken in places. The lines are characterized by minor and major 
changes in direction, and slight inequalities in diameter are found. If 
the epithelial cellular material has actually disappeared from the bare 
areas, then we must conclude that the material of these silver lines is 
more resistant than the cytoplasm, and persists, adhering to the under- 
lying connective tissue ground substance. It may become gradually at- 
tenuated and ultimately disappear. 

Pores.—Pores are often seen in such material, and the edge is fre- 
quently encireled by a silver line. In such eases it is often possible to 
see that a line of one surface of the alveolar partition, which extends to 
a pore, may pass through the pore and unite with a silver line on the op- 
posite surface of the wall; indeed more than one such union of lines be- 
longing to opposite surfaces may occur at a pore. I have not noted this 
union of lines of opposite surfaces, except at pores. Such a union sug- 
gests that the pores are early in formation, and that their boundaries are 
originally related to the epithelial cells. Indeed, such a pore might have 
resulted from the dropping out of one of the pluglike epicytes, hereafter 
to be deseribed, but in such a ease there must be some contraction of the 
original cell site, because many of these pores are smaller than epithelial 
cells. On the other hand, some pores were found whose boundary ap- 
peared to be made up of ground substanee, and here the silver line did 
not reach to the edge. 

Often it is possible to see that the silver ring encireling an epicyte has, 
on the opposite side of the wall, another ring, usually of different size. 
In such a ease the sections show that the epicyte passes right through the 
wall and appears as a conical plug in it. To reconcile such a formation 
with an epithelial cell originally on one surface only, and having a con. 
nective tissue base, it is necessary to admit a profound readjustment; but 
we are accustomed to having to make such readjustments in connection 
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with the evolution of the mammalian alveolar wall, as, for instance, in 
the substitution of a single capillary net for a double one, with coinci- 
dental thinning of the wall and reduction of the elastic, muscular, and 
connective tissue elements. The loosening and dropping out of such a 
pluglike epicyte (and such a falling-off is common, apparently, for 
epicytes which are being irritated), with appropriate adjustment of the 
connective tissue, might easily lead to the formation of a pore with a 
silver cirele around it. 

These flattened sections also permit of high-power study of the junc- 
tional regions already mentioned between the typical bronchiolar epithe- 
lium network and that of the adjoining alveoli. The transition from con- 
tinuous epithelium to typical ‘‘respiratory’’ epithelium (if such it be) is 
often an abrupt one, the small-meshed net giving place to one of large 
meshes where the bare areas dominate the field. In allowing the gaze to 
pass along the alveolar ducts it is possible to see that the circles of myo- 
elastic tissue forming the mouths of the alveolar ducts and sacs opening 
from them bear, in the case of the larger ones, the typical silver net of 
epithelial cells, which changes, in the smaller (seen particularly well in 
the muscle circles and crescents of the alveolar sacs) to a surface com- 
posed mainly of bare areas, with an occasional epicyte. One often sees 
these silver lines winding about the muscle rings, and also it is quite 
common to observe the bulging bodies of epicytes protruding from them. 
Capillaries frequently insinuate themselves around them, covered by the 
bare areas. If there is any epithelial material covering these bare areas 
it might be likened, in much enlarged models, to extremely thin cello- 
phane plaques, wrapped over the bulging eapillaries of the alveolar walls, 
and around the thinner muscle erescents, with space in between for the 
epicytes, and each plaque and epicyte bounded by silver lines; but when 
this is said, it must be realized that this hypothetical covering would be 
completely invisible, and such an analogy must not be taken as a close 
one. 

Stained Preparations.—The stained preparations give us additional de- 
tails. It is possible to see that the silver lines are all on the surface of the 
alveolar wall. Stereoscopic observation of the surface of flattened walls 
with high power, and study of thin sections of this material, make this 
clear. Never do the silver lines penetrate into the interior of the wall. 
If they pass from side to side, it is always through a pore. This super- 
ficial relation of the silver lines is characteristic, and differentiates them 
sharply from connective tissue fibers. On the other hand, it is in keeping 
with their recognition as originally epithelial intercellular material. This 
is true on the muscle-ring surfaces as well as on the surfaces of the 
alveolar walls. Silver lines never pass over the exposed surfaces of 
epicytes. 

The stained preparations, too, bring out the fact that the epicytes 
always have nuclei, and that these are like those of the bronchiolar epi- 
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thelium, rounded, with large rounded nucleoli, and sparse chromatin in 
the resting condition. On the contrary, there are many bare areas which 
do not have nuclei within their borders at all, and when nuclei do appear 
within the confines of the silver lines, in these bare areas, they belong 
to the interstitial tissue of the wall and blood vessels, or to leucocytes 
within the capillaries. No surface nuclei in these bare areas were seen. 
Hence I feel that the bare areas (so far as the superficies is concerned ) 
are without nuclei. If there were any substance in them, they would 
correspond to the nonnucleated squames of older authors. It seems 
quite evident that some of the earlier authors have mistaken the nuclei 
of the actual wall for the supposed nuclei of the ‘‘respiratory epithe- 
lium’’ in the mammals. 

Stained sections, also, are useful in showing that the protoplasm of the 
epicytes is like that of the bronchiolar epithelium; that is to say, when 
the epicytes are in the resting condition. Around the nucleus there are 
fat globules, and a fine fuchsinophilie granulation is to be seen in the 
protoplasm. The cytoplasm, also, resembles that of the bronchiolar 
epithelium in morphology and staining properties. It should be re- 
marked, however, that these epicytes seem to undergo changes rapidly 
when subjected to stimulus. For instance, under osmie acid irritation 
they swell up, show increase in fat globules, and definite mitotic changes 
in the nucleus. A discussion of their responses to irritation, however, 
will have to be postponed. 

Nor ean I go here into the details of the morphology of the wall of the 
alveolus except to say that, apart from the relatively small proportion 
occupied by the epicytes, and the much larger district pre-empted by the 
bare areas, overlying the capillaries (which, indeed, may prove to have 
no epithelial substance at all), the material of the wall is made up of 
mesodermal derivatives—collagenous, reticular and elastic fibers, and 
‘‘oround substanee.’’ It is essentially a support for the rich network of 
capillaries. These tunnel through the ground substanee (Macklin, 1936," 
193777), and are supported intimately by the reticulum and indirectly 
by the other fibers. 

I ean find no foundation for the supposition that the surface silver 
lines are reticulum fibrils. The silver lines are fairly uniform in diam- 
eter and the pattern is quite different, as comparison with any Bielschow- 
sky or similar preparation will show. The reticulum fibrils have a char- 
acteristic formation and blend with the collagencus fibers. They en- 
circle the capillaries in a typical manner. Many other differences could 
be mentioned. It is freely admitted that too prolonged exposure to the 
silver will result in penetration to the deeper fibers and staining of the 
reticulum. Even more unlikely is confusion of the alveolar lines with 
collagenous or elastic fibers. 

Nor is there any reason, in my opinion, for the suggestion that the 
silver lines represent the boundaries of endothelial cells. In my experi- 
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ence these are hard to demonstrate in the pulmonie eapillaries of the 
mammal; and if they were present, their position in the wall and general 
pattern would separate them clearly from the surface lines. If they were 
endothelium lines, they should be continuous with those of the arterioles 
and venules—not with those of the bronchi, for instanee. Moreover, the 
endothelium outlines are brought out by perfusion of the blood vessels, 
a quite different technique to that used in these experiments. 


DISCUSSION OF THE EPICYTES 


These plump cells, projecting with a low rounded domelike contour 
into the alveolar space, and showing in surface view usually a rounded 
oval or irregularly angulated outline, are closely encircled by prominent 
silver lines which appear as thin bands in sections in which the eell is 
cut at right angles to the alveolar surface. These silver bands are always 
joined to other silver lines, enclosing neighboring bare areas or other 
epicytes; and the network thus formed is directly continuous, in the 
respiratory bronchioles, with the network around the continuous epithe- 
lium of entodermal origin lining the bronchial tree, and, through the 
intermediation of this, with the epithelium of the pharynx which orig- 
inally came from the fore-gut. Thus the epicytes and bare areas in these 
preparations are linked by a ‘‘silver chain’’ with the general entodermal 
epithelium. The silvered bands around the epicytes resemble those 
around the regular bronchiolar epithelium. They have evidently retained 
much of their original morphology, whereas the lines around the adjoin- 
ing bare areas have become modified. The exposed surfaces of the 
epicytes are sprinkled with fine silvered granules, which impart a char- 
acteristic yellowish or light brownish color to them when seen in cleared 
sections. The absence of silver lines from the exposed surfaces of the 
epicytes is in keeping with the relationship which these lines bear to the 
bronchiolar epithelium. The epicytes lie characteristically in the eapil- 
lary meshes, and may protrude through the wall as a plug; then it is 
common to find the opposite end also marked by a silver ring, so we have 
doubled rings, one on either side of the interalveolar partition. In such 
cases one ring is usually smaller than the other. These peglike variants 
of the epieyte type are seen in thin sections cut at right angles to the 
alveolar surface, so as to split the epicyte from end to end. The eell is 
really columnar in such a ease. An important point is the similarity of 
the structure of the epicyte to that of the bronchiolar epithelium. This 
is seen in the rounded nucleus, rather sparsely supplied with chromatin 
grains, but having a prominent rounded nucleolus, and in the proto- 
plasm with its corona of fat globules, modest in the resting phase, but 
prominent in the enlarged and rounded form, which is so conspicuous 
after stimulation, such as that of osmie acid gas. A horde of fuchsino- 
phile granules was noted in the protoplasm. This morphologie similarity 
to bronchiolar epithelium reinforces our impression, derived from the 
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interlinkage of the silver lines, that the epicytes are survivors of the 
original entodermal epithelium; in this view I am in alignment with 
Clara? (1936). If the bare areas prove to be nonepithelial, as Clara? and 
others think, then these epicytes represent all that is left on the alveolar 
wall of the once complete layer of epithelium. The ‘‘free edge,’’ referred 
to in my Durham Report,* would then be the irregular junction already 
described in this paper between the continuous epithelium of the respira- 
tory bronchiole and the contiguous surfaces of the connecting branches 
and alveoli, marked by the characteristic silver lines enclosing the bare 
areas and epicytes. It would be difficult, perhaps impossible, to define 
this edge exactly. The surface transition, for instance, in the beginning 
of the respiratory bronchiole, is upon primitive alveolar outpocketings 
in whieh the bare areas have not fully developed. The epieytes, to- 
gether with bare areas and some eapillaries, are found upon the more 
peripheral of the muscle rings of the wall of the ‘‘respiratory’’ air tubes, 
and here, as everywhere else, they are defined by characteristic silver 














lines. 

The epicyte readily responds to irritation by undergoing hypertrophy 
and dividing by mitosis, and its capacity for proliferation is great, as 
seen in the large numbers of offspring in inflammatory conditions. Clara? 
points out that its phagocytic potencies are different from those of the 
histiocytes, and he feels that this difference forms one of the arguments 
in favor of the view that the epicyte is not of mesodermal origin. 
Sprunt,'* in my Durham Round Table Conference, stressed the fact that 
the exudate in the alveoli in pneumonia has two types of mononuclear 
cells. Bloom?‘ admitted that there might be entodermal as well as meso- 
dermal phagocytes. Although the giant cells arising from the epicytes in 
pathologie conditions may superficially resemble those of mesodermal 
origin, this circumstance constitutes no argument in itself for viewing 
them as mesenchymal derivatives (Clara,? 1936). It seems quite possible 
that conditions might arise which would make of this cell the nucleus of 
a primary cancer of the lung. Their universal occurrence seems to be- 
speak an important potency: I have never seen an alveolar wall without 
an epicyte. The entire story of their réle has yet to be told. It is sug- 
gested that they form a reservoir for the special type of phagocyte which 
is said to arise from them. They seem to play an important part in the 
repair of the wall after inflammation. These roles are local in character, 
that is, each alveolus has its own supply. In them are segregated heredi- 
tary properties which have been accumulating for millions of years. 

























DISCUSSION OF THE BARE AREAS 






The bare areas occupy almost all of the definitive walls. In alveolar 
bases abutting upon arteries, veins, bronchial tubes and pleura they, as 
a rule, still oceupy most of the territory although the proportion of 
epicytes has increased. They are represented on the rings and crescents 
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of myoelastic tissue forming the actual wall of the alveolar ducts and 
saes, particularly toward the periphery of the air-duct system, where 
capillaries, winding over the muscle bundles underlie them. They make 
up the protruding capillary surfaces, and (if of epithelial protoplasm) 
they form the substance between the connective tissue wall of the 
capillary and the air (or at least the film of fluid which underlies the 
air—Terry’). They are irregularly polyhedral, and of widely varied 
size. Their silver-line boundaries are of variable distinctness and are 
often obscure or even absent. They are thinner than those around the 
epicytes, with which they are linked to form the same net system. In 
well-distended alveoli they are thinner than in those of the collapsed con- 
dition, and it is possible then to see that many of them are formed of 
a succession of silver-impregnated dots. In histologic preparations of 
normal material there is no demonstrable separate surface layer covering 
these areas. It seems worth noting that no separate layer has been de- 
seribed in normal adult mammalian alveolar walls in these areas. Faith 
in a continuous epithelium in the mammalian adult alveolar wall rests 
on evidence from pathologic or experimentally altered material. No 
nuclei have been demonstrated in them by the writer. What nuclei ap- 
pear within their confines are definitely related to the connective tissue 
and blood eells. Often bare areas, clearly circumscribed by the silver 
lines, but in which even these mural nuclei are totally absent, are seen 
in eases where the capillaries have been washed out. The impression is 
that the bare areas, even when indefinitely bounded by attenuated or 
interrupted lines, represent the much enlarged loci once occupied by 
entodermal epithelial cells in the embryo, but from which the cells have 
been lost. Clara? suggests that this dropping off of the epithelial cells 
is related to the rapid growth and folding of the underlying capillaries, 
so that the capillary surface becomes much greater than the cell surface, 
leading to a breaking up of the epithelial cell layer and loss of some of 
the cells. Bloom't thinks that the epithelium of the future alveolus be- 
comes discontinuous in fetal life, and the blood vessels push out and line 
the walls of the future air spaces. Palmer’ finds the covering epithelium 
of the alveolus undergoing a fatty degeneration in the human embryo 
lung at the twenty-first week of intrauterine life, and from that time on 
the capillaries are nude. If the cell protoplasm has actually disappeared 
from these territories, it seems obvious that this boundary argyrophilic 
material is more durable than the cell protoplasm, and continues to ad- 
here to the wall after the cell proper has disappeared. It is obviously 
capable of being stretched to accommodate itself to the much enlarged 
original cell emplacements. Much work remains to be done on this prob- 
lem, such as the determination of age changes in the silver lines. 

Again, if these bare areas have none of the original protoplasm cover- 
ing them, the surface must be made up of a differentiated ground sub- 
stance of the connective tissue. It must be a modified basement mem- 
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brane. On the other hand, if they are actually covered by extremely at- 
tenuated nonnucleated protoplasm of the original epithelial cells, then it 
would seem that this must be composed mainly of water, and can con- 
tain little or no stainable material; or, if stainable, then the material is 
so tenuous, and blends so closely with the underlying ground substance 
of the capillary wall, as to be invisible as a separate entity. It is note- 
worthy that the entire thickness of the capillary wall is less than a 
micron—at least in the stained preparations. Even allowing for shrink- 
age in technical manipulations, the wall is almost ineredibly thin. Yet, 
with this extreme reduction to almost soap-vubble-film dimensions, it ean- 
not be gainsaid that the capillary wall is efficient in promoting gaseous 
interchange, in admitting oxygen and liberating carbon dioxide and 
water, and also in preventing the plasma from leaking out and air from 
gaining access to the blood. 

It seems clear that the bare areas form in association with the develop- 
ing capillaries, and that they overlie the functional walls of the eapil- 
laries. The impression is that the bare areas are most extensive where 
the capillary net is richest. They are doubtless to be viewed as a refine- 
ment of the protoplasmic interface for gaseous exchange between the 
blood and air (or even between smooth muscle substance and air in the 
ease of the smaller muscle rings) through the intermediation of the 
covering surface film of water, conceived of by Terry.’® It seems likely, 
too, that each of the simple bare areas was originally the base of one of 
the embryonic epithelial cells of the primitive alveolus, though much 
secondary modification of this base, as well as enlargement of the area, 
must have occurred. 

I do not think the bare areas represent filmlike extensions from. the 
representatives of epithelial cells, the epicytes, for the epicytes are 
definitely cireumscribed by the heavy silver lines, whereas, if they had 
projecting wings, it would be around these that the silver should be 
deposited, and no such silver-cireumseribed wings have been observed. 
Furthermore, if the film extensions had become retracted, then we should 
find wrinkles around the epicytes to which they were connected, and no 
such wrinkles have been noted by me. 

It should be said, however, that the fact that a surface film has not yet 
been demonstrated histologically as a definite and separate entity in un- 
modified normal alveolar walls of mature mammals does not prove that 
it is nonexistent. We know that films in tissue cultures, for instance, can 
be at one moment quite invisible, and at another be visible (Bremer, 
193617). It seems certain that the bare areas correspond to the ‘‘non- 
nucleated squames’’ of earlier authors, which were presumed to have 
actual substance of epithelial origin. 

I regard the hypothesis of a continuous epithelial lining of the mature 
normal mammalian alveolar wall as not tenable, when the term ‘‘epithe- 
lium’’ is given its usual connotation. I am quite aware that a layer of 
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cells may be induced to form on the alveolar wall in conditions of inflam- 
matory reaction, as in some osmiec acid experiments which I am now 
conducting on living cats; but this does not prove that there is a con- 
tinuous layer of epithelium there in the normal condition, and such a 
formation, coming as it does within the realm of pathology, is open to 
a different interpretation. 


It must be admitted that the descriptions and interpretations of the 
silver lines on the mammalian alveolar walls in the literature leave some- 
thing to be desired ; for instance, we find it said that the silver lines eut 
one another in various directions, and this optical impression has been 
mystifying. I would suggest that it is probably due to the superposition 


of the two networks on opposite surfaces of an alveolar wall, when the 
latter is viewed ‘‘on the flat.’’ These two networks in alveolar partitions 
fixed by the intrabronchial injection method, are pressed close together, 
and this approximation may be even closer if the wall is flattened against 
the slide. Proper stereoscopic observation will permit of the separation 
of the two networks, and what at first seemed to be a criss-cross arrange- 
ment of the lines is resolved into two networks. Again, it is possible that 
some workers have overexposed their walls to the silver solution, which 
has penetrated to, and impregnated the reticulum fibrils,'and that these 
have intruded into the optical picture. Endothelial outlines may also 
have been a cause for confusion. I have given some of their distinguish- 
ing features. I would emphasize the importance of lightness in the 
staining with silver, applied through the bronchial tree; for confusion 
must inevitably arise if the silver penetrates into the substance of the 
connective tissue wall. These silver lines are surface formations and 
must be distinguished from reticulum fibrils and endothelial outlines. 
There are admittedly several types of linear formations which may be 
made to take up silver, and these must all be sharply separated from one 
another. I feel that the interpretation of the silver lines bounding the 
bare areas has been more difficult than that of those around the epicytes. 
That the bare area boundaries are frequently interrupted seems to be 
explained by the assumption that the argyrophil substanee, which is 
their basis, disappears from the wall in places, albeit gradually and 
unevenly. Although each original bare area is looked upon as being the 
expanded base of an epithelial cell of the onee continuous layer lining 
the alveolus, the larger bare areas are undoubtedly more or less complete 
fusions of two or more originally separate ones, for mergings like this 
must oeeur from local attenuation and disappearance of portions of the 
line system. Thus large composite bareyareas of a complicated nature 
arise, and these may have indefinite outlines in places, and be marked 
by the interrupted streaks representing the silvered residue of some of 
the original epithelial contours. 


Grateful acknowledgment of services in preparation of the sections and photomicro- 
graph is tendered to Mr. Walter Downs. 
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EXTRAPLEURAL LOBECTOMY* 
J. SEBESTYEN, M.D. 
3UDAPEST, HUNGARY 


HERE is hardly any surgical intervention both the basic concepts 

and technical execution of vy hich would show such marked diver- 
gence as those of lobectomy. There are two ways of performing this 
operation: the older and more natural transpleural method and the 
extrapleural method. At present American and after them English 
surgeons as well as a great part of the French school are endorsing 
intrapleural approach in one or two stages, whereas in Central Europe 
the influence of Sauerbruch and his school caused the extrapleural 
operation in more stages to become the generally accepted procedure. 
In order to avoid possible misunderstanding I wish to stress that I 
call transpleural methods all those in which the opening of the pleural 
cavity becomes necessary on account of whatever cause. In extra- 
pleural operation the opening of the free pleural cavity should by all 
means be avoided. 

On the basis of the discouraging results of one-stage interventions 
as performed in the past, it seemed that this type of operation will 
never become a suitable procedure. Practical observation, however, 
has shown the right way. Surgeons met the experience that if Nature 
has provided for adhesions in advance and if the free pleural cavity 
does not have to be entered, lobectomy would be a comparatively easy 
operation and the patients would make uneventful recovery. This has 
been noticed by S. Robinson as early as in 1917, and soon experimental 
work was started aiming at the production of artificial pleural adhe- 
sions. Many workers of reputation have studied this problem. At- 
tempts have been started to divide the operation into several stages, 
and in this way operations of two and more stages were devised. Such 
divided operations have been studied by S. Robinson, Sauerbruch, and 
Zaaijer. The final elaboration and development of the procedure is 
credited to Sauerbruch and his collaborators. The present form of the 
operation took many years to develop and has gradually undergone 
important changes. This is due to the fact that most operations were 
performed for bronchiectasis and in this way the development of the 
technique of lobectomy is inseparably bound up with the progress of 
surgical treatment of this ailment. Up to 1924 surgical treatment of 
bronchiectasis was based on the idea that the diseased lobe must be 
made to shrink. This is the idea underlying the Garré operation 
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(‘‘Verlagerungsmethode’’) with intrapleural packing. Schumacher, 
too, aimed at producing atrophy of the lobe by ligating its artery. 
Phrenicotomy, extensive thoracoplasty, and its modification with intra- 


or extrapleural pack compression according to Zaaijer had a similar 


objective. Sauerbruch, too, when he started to use extrapleural plug- 
ging between 1924 and 1926, acted along similar principles. When, 
however, all the procedures mentioned proved to be unsuccessful, he 
gradually resorted to pneumotomy, later to the Graham cautery treat- 
ment, then, after a few lobe resections, to the only radical procedure, 
lobectomy. It is only natural that the successive stages of develop- 
ment of his method clearly show the marks of the changes outlined. 
It would go beyond the scope of this paper and be rather out of date 
to give a detailed chronologic description of the variants of his method. 
Suffice to mention that his method has borrowed from all of the pro- 
cedures mentioned. His present method probably became established 
during the years 1928 to 1930. On the basis of his short reports, re- 
views, and his manual the brief outlines of his method are the follow- 
ing: Preliminary phrenicotomy. First stage: exploratory thoracotomy. 
After the resection of a short piece of a rib, measuring a few centi- 
meters, it is determined whether the pleural cavity is open or obliter- 
ated. Second stage: if the pleural cavity is free, introduction of an 
extrapleural plug. Third stage: fourteen days later, after removal 
of the ribs and the intercostal structures concerned, removal of the 
plug. Fourth stage: the isolation in several steps of the lobe to be 
removed. It is started along the interlobar fissure, then continued in 
the costovertebral angle, later from the mediastinum. Packs are in- 
serted continually. The last step is separation of the lobe from the 
diaphragm. As the ease of isolation of the lobe depends on indi- 
vidual circumstances, the number of steps and the time intervals have 
to be planned accordingly. Fifth stage: after complete isolation of 
the root of the lobe follows the ‘‘en masse”’ ligation of the hilus with 
a rubber catheter. Sixth stage: eight to twelve days later the opera- 
tion is finished with cautery removal of the necrosed lobe. The wound 
is treated wide open. At the Conference of the German College of 
Surgeons in 1934 Sauerbruch reported 58 cases operated upon in this 
way, with a mortality of 7 cases (12 per cent). 

On this topic the recent European literature is rather scanty, so I 
had to build upon my own experience. In my present paper I wish 
to report on 16 extrapleural operations. In 14 cases the right lower 
lobe has been removed; in 2 eases the left lower lobe. The first cases 
operated upon in this way I demonstrated before the Royal Hungarian 
Medical Association in Budapest, November 8, 1930, as the first lobee- 
tomies performed in Hungary. At that time I followed the prescrip- 
tion of Sauerbruch, with paraffin-plug preparation, and I liberally 
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resected the thoracic wall. This operation, of course, produced a 
marked deformity, well shown by postoperative x-ray pictures. In 
1934 I abandoned the paraffin-plug preparation and started to use 
sterile petrolatum gauze packs, and at the same time I contented my- 
self with a less extensive mobilization of the thoracic wall. When 
comparing our present method with the former one, a considerable 
difference is shown in the x-ray picture, displaying itself also in a 
better cosmetic result. For comparison see Figs. 1 to 6. Our present 
method which, except for slight modifications, is essentially the same 
as that of Sauerbruch, can be summarized in the following points: 
Preliminary phrenicotomy. First stage: Hook-shaped skin incision, 


Figs. 1, 2, and 3.—Removal of the right lower lobe after plug preparation, with 
extensive mobilization of the chest wall (Case 5). 


starting paravertebrally at the level of the sixth rib and ending in 
the midaxillary line at the level of the tenth rib. From the seventh, 
eighth, and ninth ribs segments measuring 11 to 12 em. are removed 
together with the intercostal structures, the resection extending me- 
dially as far as the transverse process. If in the further course of the 
operation difficulties are encountered in isolating the hilus, a part of 
the sixth rib may be removed subsequently. If the pleural cavity is 
closed, one can proceed at once with the mobilization of the lobe. If 
the pleural cavity is open, the costal pleura is exposed as extensively 
as possible and a sterile petrolatum gauze pack is applied. The wound 
is closed, save for the lowermost few centimeters. The second stage 
will follow after a rest period of three to four weeks. This phase con- 
sists in the mobilization of the lobe to be removed in several steps. 
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We prefer to attack first the diaphragmatic portion. In this phase 
already we identify the lower end of the interlobar fissure, which we 
mark with catgut stitches or with a gauze pack in order to facilitate 
its finding again at the next occasion. If the pleural cavity is open, 
we finish the first stage with dissecting free the diaphragmatic part. 























Fig. 3. 


In the second stage the isolation is carefully continued in the costo- 


vertebral angle and the pulmonary ligament is cut. The dissected 


parts of the lobe must be carefully packed in order to prevent the 
formation of fresh adhesions. In the third stage we enter chiefly the 
interlobar fissure and try to isolate the lobe to be removed from its 
neighbor. The time interval between the individual steps is eight to 


ten or twelve days, according to the case. The isolation of the lobe is 
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performed, if technically possible, extrapleurally, i.e., the lung is 
mobilized with both the parietal and visceral pleurae adhering to it. 
Often this is impracticable throughout, and in a later stage one often 
must carry out the dissection between both layers. If the pleural 
cavity is closed, this will have no ill effects. In the third stage, after 








Figs. 4, 5, and 6.—Removal of the right lower lobe after petrolatum gauze 
pack preparation, with moderate mobilization of the ciuest wall. Good cosmetic 
result (Case 11). 











Fig. 5. 


more complete isolation of the hilar region, it will become possible to 
tighten a thin rubber catheter around the hilus. The catheter is trans- 


fixed distally with a strong silk suture in order to prevent its slipping. 


The fourth stage consists of cautery removal of the necrosed lobe. This 
is usually performed in the third to fourth day after the constricting 
catheter has been applied. The wound is treated wide-open and its 
healing occurs by secondary granulation. The removal of the lobe is 
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usually performed under local anesthesia and but exceptionally, if the 
patient is uncooperative, under superficial ether inhalation narcosis. 
Of course the procedure outlined should serve but as a pattern and 
departures from it will often be necessary. If there is the slightest 
suspicion that the pleural cavity is not completely obliterated, one 
should proceed with still greater care, and it often will be advisable 
to increase the number of successive steps. Conversely, if there are 
favorable adhesions, quicker work is possible. As it can be seen, it is 
difficult to give a standard description of the procedure, for it has to 
be modified according to the individual case. Both the number of 











Fig. 6. 


stages and the time intervals between them will depend on the given 
conditions, 


If the pleural cavity is closed, the method is simplified and there is 


no need for a preparatory operation. Under favorable conditions the 
entire operation can be carried out in two stages, and the ligature of 
the hilus may be possible as early as in the second stage. These cases, 
however, are exceptional, the pleural cavity being in most cases at 
least partially open. Under such circumstances the preparatory op- 
eration becomes an important step. As mentioned, at first we pro- 
ceeded according to the method of Sauerbruch and used the paraffin- 
plug method. The plug is introduced through the hole of a sparing 
rib resection, through which the costal pleura must be freed over the 
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Fig. 7.—Bronchiectasis in right lower lobe (Case 13). 




















Fig. 8.—The isolated lobe is ligated. 
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entire lobe to be removed, if possible. The extrapleural cavity pro- 
duced in this way is now filled with 400 to 600 gm. of Baer’s paste. 
This can be usually accomplished if the pleural cavity is open and the 




















Fig. 9.—Wound conditions immediately after removal of the lobe. 














Fig. 10.—The same patient after recovery. 


pleura thickened. If, however, the pleura is thin and adherent, there 
is a serious danger of injury. Even the mere introduction of the 
extrapleural plug through the small hole cannot be considered an 
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Fig. 11.—X-ray picture after lobectomy (Case 13). (Petrolatum gauze pack prepara- 
tion.) Some residual iodized oil is seen. 








Figs. 12-16.—Several phases of the extrapleural lobectomy. 
Fig. 12.—Shortening of the seventh, eighth, and ninth ribs. 








Fig. 13.—Removal of intercostal structures. 








SEBESTYEN: EXTRAPLEURAL LOBECTOMY 561 











Fig. 14.—Extrapleural isolation of the lobe. 





Fig. 15.—Mass ligation of the lobe. 











Fig. 16.—Cautery removal of the lobe. In this case gauze pack preparation was 
u 
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intervention devoid of danger. Though I did not experience imme- 
diate danger from this intervention when preparing for lobectomy, 
I had eases of injury to the pleura by the plug in operations for lung 
abscess and other pulmonary conditions. After the introduction of 
the plug we used to wait at least three to four weeks, and yet on 
several occasions we entered the free pleural cavity when trying to 
isolate the lobe after removal of the plug. I absolutely agree with 
J. Alexander* who is sceptic about the ability of the plug to produce 
mediastinal and hilar adhesions. In fact, the greatest shortcoming of 
the procedure is that the plug will produce adhesions, even after long 
periods of waiting, only at the sites where it is in immediate contact 
with the pleura. If one goes beyond this area when attempting to 
isolate the lobe, entering the pleural cavity may easily occur. Often 
open pleural cavity and exudate are found instead of adhesions, in 
spite of massive scarring around the plug. Under favorable cireum- 
stances the patient will get a partial pneumothorax and this is but an 
annoying accident. The operation has to be terminated at once, and 
by applying high pressure or after aspirating the pneumothorax the 
rent is to be repaired. If this be impossible, packing is indicated. In 
most cases after waiting a few weeks the operation can be continued. 
If, however, the pneumothorax thus produced is complete, serious shock 
will result, and the pneumothorax must be considered infected at once, 
as the wound has been open for several days or even weeks, according 
to the phase in which this mishap occurred. Such cases of ours as a 
rule terminated fatally, and of our four operative deaths two were 
due to pneumothorax complication. The earlier the pack is removed, 
the more liable this complication is to occur. Conversely, if the plug 
is left in place too long, it will become surrounded by massive sear 
tissue, a so-called ‘‘plug bed.’’ Orientation and chiefly the finding of 
the interlobar fissure may be made extremely difficult by it. Of both 
methods of preparation, I think the petrolatum gauze pack method is 
more advantageous, considering the fact that it causes less irritation 
and, therefore, after its use orientation is easier. In preparing for the 
insertion of the pack, injury to the pleura can be positively avoided. 
In the further phases of the operation, however, the danger of pro- 
ducing pneumothorax is just as possible as with the plug method. For 
those preferring the plug technique the Hertelt method seems recom- 
mendable, as with this—though it has other drawbacks—injury. to 
the pleura can be more effectively avoided. I always start isolation 
of the lobe from the diaphragmatic surface, because basal adhesions 
are almost invariably present, even if the rest of the pleural cavity 


*Surg., Gynec. & Obst. 56: 658, 1933. 
7Chirurg. 6: 95, 1934. 
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be free. In this way injury to the pleura is less likely to occur, as 
the irritation of the gauze pack will provoke ever progressive ad- 
hesions. When the isolation has advanced to the upper part, adhesions 
will be present there. We observed the occurrence of a partial pneu- 
mothorax when dissecting near the upper end of the interlobar fissure 
and in the hilar region. We experienced no disadvantage whatever 
from starting dissection at the diaphragm. There are surgeons who 
prefer first approaching the interlobar portion, because there is stag- 
nation of secretions in the lobe separated from the diaphragm. Any- 
how, the condition of the patient becomes increasingly precarious as 
the isolation of the lobe becomes more complete. In the later stages 
of the operation the lobe is unable to get rid of its secretions, the heart 
muscle has also suffered, therefore, it is advisable to keep shorter in- 
tervals between the steps of the intervention and to hurry its termi- 
nation. 

As to aftercare, there is hardly anything extraordinary to mention. 
Cases operated upon according to the method described will invariably 


heal with a bronchial fistula, needing later closure. After healing of 
the wound, the fistula can be closed with a minor plastic operation, 
using a muscle flap according to the principles of Lebsche. During 
the last few years I have not waited until the wound becomes filled 


up completely, but I have tried to close the fistula earlier. There gen- 
erally remains some connective tissue around the hilus, sufficient to 
allow covering of the tied bronchial stump. This early closure of the 
fistula effects a considerable shortening of the period of recovery. 
Our cases treated in this way were cured in four to four and a half 
months. 

As to the etiology, pathology, and symptomatology of bronchiectasis, 
the American literature is so replete with excellent treatises on this 
subject that I consider superfluous to touch on it. Surgical treatment 
is influenced by two factors: the underlying pathology and the clini- 
cal behavior of the case. For the surgeon it is important to know that 
isolated bronchiectasis of one lobe is a rare condition. Bronchiectasis 
cannot be considered a local disease, and this circumstance is a dis- 
turbing factor in its operative treatment. In determining the opera- 
tive indication it should be borne in mind that diagnostic errors are 
liable to occur in spite of the most conscientious examination. We 
had a case in which the right middle lobe was mistaken for the lower 
one. According to our experience, the coexistence of a seriously dis- 
eased lower lobe with a completely healthy middle lobe is an excep- 
tional occurrence. In such cases an x-ray picture taken obliquely will 
be often useful. We had, however, cases in which slight changes of 
the middle lobe became observabie only after removal of the lower 
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lobe. If the pathologic changes of the middle lobe are so slight as to 
cause the expectoration of not more than 2 to 3 gm. of residual sputum, 
this is practically negligible, and such cases are taken for cured in my 
tabulation of cases. Unfortunately, if the wound is treated wide-open, 
the residual sputum will make its appearance only after the closure of 
the wound and of the bronchus. During the interval between the 
tying off and the removal of the lobe, symptoms of a residual bronchi- 
ectasis may be silent, and later the mucopurulent secretions will escape 
through the bronchial fistula and become irrecognizably mixed up with 
the wound secretions. In this respect the extrapleural method is not 
satisfactory. In no ease presenting serious symptoms due to middle 
lobe involvement after removal of the lower lobe have I been able to 
remove the diseased middle lobe later. The wide-open treatment causes 
such extensive scarring that it is impossible to make out the confines of 
the middle lobe. In such eases I had to content myself with partial 
removal of the middle lobe, or I treated it according to the Graham 
method. In the course of cauterizations near the hilus, however, I 
was greatly annoyed by occasional air embolism and secondary bleed- 
ing. In eases treated in this way I never succeeded in obtaining com- 
plete freedom from symptoms. We had one diagnostic error in mis- 
taking the right lower lobe for the middle one, and in another case 
changes in the lower portion of the left upper lobe were masked by 
extensive changes of the left lower lobe. In no case did x-ray pictures 
taken obliquely yield sufficient information. 

The second factor playing a part in the surgical treatment, but 
chiefly in determining the operative indication, is the clinical behavior 
of the individual case. The protean clinical manifestations of bron- 
chiectasis are well known. Cases ranging from the mildest form to 
the most serious septic one are observed. Not only the degree of 
severity, but also the course is variable. There may be a quiescence 
of symptoms for years, symptoms appearing only at intervals. It is 
almost impossible to make a prognosis as to the future development 
of the disease, therefore, the problem of operative indication is a 
delicate one. In milder cases, as their future going downhill is by no 
means certain, it is wiser to choose expectant treatment. Of course 
the result of operative treatment will be more favorable if only mild 
cases are operated upon, whatever method be adopted, whereas severe 
cases are liable to make the statisties worse. 

My 16 cases are summarized in Table I. The case histories of my 4 
fatalities, as they are rather instructive, will be given in detail. They 
are the sixth, seventh, ninth, and sixteenth cases, respectively, of the 
series, 
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Case 1.—L. J., female, aged forty-one years. Her complaints dated back for 
years. For two years she had expectoration. Since February, 1932, her state was 
rapidly declining. She had the daily amount of 100 to 150 ¢.c. of foul smelling 
sputum. She had periods of fever. Sedimentation speed was 22 mm. in one hour, 40 
mm. in two hours. Colloid lability test 2+. Body weight 63.15 kg. General state of 


health was satisfactory. At x-ray examination in the right lower lobe typical sacciform 


bronchiectasis was visualized. Preparatory operation by the plug method was per- 
formed on June 16, 1932. The thoracic conditions were rather favorable, so that 
the lobe could be ligated on July 24, 1932. The intervention was well tolerated by 
the patient. Two days later, however, at 6 A.M. she suddenly felt sick and died 
under signs of progressive dyspnea and cyanosis at 2 P.M. In our opinion symptoms 
pointed to the death being due to a slow, progressive form of thrombosis of the 
pulmonary artery, originating in the ligated hilus. Our presumption was confirmed 
by findings of autopsy, which at the same time cast light on other, unsuspected con- 
ditions. It turned out that at the operation the greatly dilated middle lobe had been 
isolated and tied: The severely sclerosed bronchiectatic lower lobe was left in the 
costovertebral angle as a scarry layer, measuring about half an inch in thickness. 
This degenerated lobe was so distorted and shrunken that its recognition was diffi- 
cult even at autopsy. It contained no healthy lung tissue but was converted into a 
mass of scar tissue containing cavities. It was so firmly adherent that it had to be 
dissected away with considerable difficulty. The wound was found to be in order. 
The healthy middle lobe completely occupied the place of the lower lobe. The 
preparation for the plug interfered with clear orientation; however, the extraordinary 
severity of pathologic changes precluded the possibility of successful surgical inter- 
vention. 


CASE 2.—G. J., male, aged twenty-five years. In January, 1930, he had had in- 
fluenza with pleurisy. Since that time, he expectorated daily 150 to 250 ¢.c. of foul 
smelling sputum. He had periods of fever. Sedimentation speed was 32 mm. in ore 
hour, 66 mm. in two hours. Colloid lability test 3+. Weight 60.50 kg. Good general 
health. X-ray examination showed typical, extensive bronchiectasis in the right 
lower lobe. Preparatory operation with paraffin plug on May 2, 1933. Four weeks 
later, on May 31, we removed the plug, and as the pleural cavity seemed to be 
closed, we at once proceeded with the mobilization of the lobe at its diaphragmatic 
part. Scarcely did we advance with the mobilization a few centimeters, when the 
pleura opened and an open pneumothorax resulted. We had to dissect through a 
sclerosed layer as thick as half a centimeter, behind which we found the free pleural 
cavity with exudate. Signs of severe circulatory embarrassment at once appeared, 
forcing us to use high pressure and to quickly complete the operation. The patient 
developed progressive circulatory failure and difficulty in expectoration. He died on 
June 3, with symptoms of acute sepsis. Autopsy revealed besides slight serous 
pleurisy of the operated side severe aspiration bronchopneumonia of the contralateral 
lung. The other organs showed septic changes. This case clearly demonstrates the 
possibility of finding unobliterated pleural cavity even after a four weeks’ prepara- 
tion with a paraffin plug. This serious complication is the more prone to occur, the 
earlier the plug is removed. 


CasE 3.—K. T., female, aged forty years. There are no reliable anamnestic data. 
A year ago she had been treated with artificial pneumothorax for bronchiectasis. 
This treatment, however, having proved inefficacious, was discontinued in November, 
1932. Since June, 1953, her condition had grown progressively worse. The daily 
amount of her sputum rose to 250 to 500 ¢.c. She lost 14 kg. On admission her 
sedimentation speed was 44 mm. in one hour, 82 mm. in two hours. Colloid lability 
test 4+. Body weight 51.40 kg. She had temperatures up to 38° C. Her general state 
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of health was satisfactory. X-ray examination visualized bronchiectasis of both the 
cylindrical and sacciform type in the right lower lobe. Preparatory operation was 
performed by the pack method on December 4, 1933. Seven days after this interven- 
tion the patient suddenly felt very sick, so that I was forced to revise the wound. 
When changing the dressing, I noticed that a palm-sized area of the costal pleura 
separated at the preparatory operation was necrotic, and presently was extruded to- 
gether with the pack. The patient contracted an open pneumothorax and a con- 
secutive sepsis to which she succumbed on December 24, 1933. This unusual com- 
plication must be explained by some residual pneumothorax left over from the 
previous treatment, though it was not visualized on x-ray examination. The thoracic 
cage becomes somewhat narrowed by the preliminary operation and in this way the 
extensively dissected costal pleura, on account of the residual pneumothorax, had 
no immediate contact with the visceral pleura. Pressure and lack of nutrition caused 
its necrosis. 

Case 4.—Sz. I., male, aged fifteen years. In 1932 he had had an empyema 
necessitatis. For the last three years he had the daily amount of 100 to 130 c.c. 
of foul smelling sputum. There was clubbing of the fingers. Sedimentation speed 60 
mm. in one hour, 82 mm. in two hours. Body weight 45 kg. He had temperatures 
ranging up to 39° C. His general state of health was satisfactory. X-ray examina- 
tion showed, aside from considerable thickening of the pleura, typical bronchiectasis 
of the left lower lobe, especially in the costovertebral angle. At operation on Decem- 
ber 16, 1935, the pleural cavity was found to be obliterated, therefore, we proceeded 
at once with the isolation of the left lower lobe. The anatomic situation was so 
favorable that three days later we were able to ligate the hilus, and on December 
21 we removed the lobe with the actual cautery. The patient died on December 24, 
1935. Autopsy showed purulent pericarditis and mild bronchopneumonia of the right 
lower lobe. This case is a warning against too quick succession of stages and 
progress of isolation. The surgeon should resist seduction by favorable thoracic 
conditions. The organism needs time to develop its defense mechanism. 


Under the influence of the American literature in 1935, I performed 
my first one-stage transpleural lobectomy. The total number of my 
eases performed according to other than the extrapleural method is 
but 4. All operations were performed under infiltration anesthesia 
combined with morphine scopolamine preliminary medication. All 
operations were done for bronchiectasis, after the prescribed prelimi- 
nary treatment. In three patients I performed the operation accord- 
ing to the suggestion of Brunn. Of these, 2 recovered and 1 died. 
One patient operated upon according to the Nissen* method died in con- 
sequence of the operation. The first patient operated upon according to 
Brunn died on the tenth postoperative day. At autopsy the suture 
of the hilus stump was found to be airtight, the remaining left upper 
lobe was found to be collapsed. The failure of the remaining lobe to 
expand was due to pathologie changes in its lower portion. Super- 
imposed changes of the lower lobe covered dilatations in the lower 
portion of the left upper lobe. This case supports the opinion of 
Brunn about the fate of one-stage operations: this does not depend on 


*Deutsche Ztschr. f. Chir. 247: 289, 1936. 
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the tightness of the stump, but on the ability of the remaining lobe to 
expand. Moreover, his opinion is corroborated by two cases which 
recovered; in both cases the bronchus opened up a few days after 
operation and a basal empyema developed, after which both went on 
to eventual recovery. In one-stage operations I consider the prelimi- 
nary pneumothorax to be of great importance. Aside from its allow- 
ing some preliminary orientation concerning the thoracic status, it 
facilitates the adaptation of the organism to the lack of the organ. 
If the lung is collapsed, the danger of aspiration is minimized; it is 
much easier to secure the hilus and the surgical shock, too, is less 
severe. There has not been and even at present there is no safe pro- 
cedure for closing the bronchus. An infected stump, closed by what- 
ever method, is liable to break down. The death of the patient oper- 
ated upon according to the method of Nissen was due to a technical 
fault. Probably I drew the constricting catheter too tight when I first 
applied it and circulatory disturbances in the lobe to be removed 
started before the remaining lobe could expand and get fixed by ad- 
hesions, so the field of operation failed to become walled off. 


I am not going now to criticize the one-stage method, the number 
of my eases being too small. On the basis of my limited experience, 
however, I got the impression that the success of this operation is 
subject to many factors, entirely independent of the surgeon. Unex- 
pected technical difficulties may arise, greatly influencing the result. 
For instance, in one-stage operation the structures of the hilus have 
to be secured separately. This may be, on account of unforeseen 
causes, impossible or not completely possible. If, however, it must be 
secured en masse, the dangers resulting from opening of the bronchus 
are increased. Whereas in the removal of twmors the one-stage opera- 
tion will unquestionably become the operation of choice, in bronchiec- 
tasis individual consideration of each case seems preferable. Of course, 
the extrapleural method is not devoid of danger either. It taxes the 
endurance both of surgeon and patient; its immediate hazard, how- 
ever, is decidedly slighter. 

My transpleural operations were the following: 

Case 1—N. K., male, aged twenty-three years. His illness started in 1929 with 
pneumonia. During the year 1932 his conditicn grew progressively worse. He ex- 
pectorated the daily amount of 160 ¢.c. of foul smelling sputum. On admission his 
sedimentation speed was 38 mm. in one hour, 63 mm. in two hours. Colloid lability 
test 2+. Body weight 63 kg. There was no fever. The patient enjoyed excellent 
general health. X-ray examination disclosed extensive bronchiectasis of the left 
lower lobe. After several weeks of preliminary artificial pneumothorax treatment 
and phrenicotomy and adequate preoperative management, I performed the one-stage 
operation, according to the prescription of Brunn on February 26, 1935, under in- 
filtration anesthesia with preliminary morphine-scopolamine medication. Sundering 
the lobes was not difficult, and the structures of the hilus were secured separately 
with ease. The entire operation was performed without loss of. blood. When 
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inspecting the upper lobe, however, it could be noticed that the lower portion of 
the upper lobe showed pathologie changes; at places there were scattered retracted 
sears. The patient left the operating room in excellent condition. However, it soon 
became apparent that the patient continued to void sputum of the previous type. 
Through the rubber tube an increasingly purulent, later foul smelling secretion 
drained. The temperature became septic. On the sixth postoperative day the pa- 
tient became acutely ill and complained of stabbing pains in the opposite side of the 
chest. He died under signs of increasing respiratory embarrassment and septicemia 
on March 6, 1935. Autopsy showed the left upper lobe to be atelectatic and com- 
pletely collapsed. In its lower portion there was typical bronchiectasis. The suture 
of the hilar stump was competent. There was purulent pleuritis on the operated 
side, with involvement of the mediastinum and the contzalateral pleural cavity. The 
latter contained 600 ¢c.c. of seropurulent fluid. In the right lower lobe there were 
foci of early bronchopneumonia. The other organs showed signs of sepsis. The 








Fig. 17.—Bronchiectasis in left lower lobe (Case 2). 


tragical issue in this case was due to a diagnostic error. It can happen in spite 
of the most careful examination that changes in the lower portion of the left upper 
lobe being covered by extensive changes in the lower lobe will escape detection. Though 
the closure of the stump was tight, the remaining diseased lobe was unable to ex- 
pand. This circumstance contributed to the development of empyema. As mentioned, 
this case supports the view of Brunn, according to which the fate of a one-stage 
operation does not depend on good closure of the bronchial stump but on the ability 
of the remaining lobe to expand. If on account of whatever cause the remaining 
lobe fails to expand and to get fixed by adhesions within a few days, serious com- 
plications are to be feared. 


CASE 2.—L. I., male, aged twenty-four years. In January, 1933, he had pertussis. 
Since that time he is expectorating the daily amount of 160 to 180 ¢.c. of foul smell- 
ing sputum. On admission the sedimentation speed was 35 mm. in one hour, 61 mm. 
in two hours. Colloid lability test 3+. Body weight 57.50 kg. At times he had 
temperatures up to 38 to 38.5° C. X-ray examination disclosed typical bronchiectasis 
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in the left lower lobe, situated chiefly posteriorly. After adequate preliminary 
management, I performed the one-stage lobectomy according to the Brunn method 
on January 28, 1936. At operation extensive adhesions were found between the 
upper lobe and the upper portion of the lower lobe. Perihilar adhesions made secur- 








Fig. 19.—Check-up x-ray picture of the remaining left upper lobe. There is still 
some residual pneumothorax at the apex. 


ing of the structures of the hilus difficult. After severing some bands binding 
down the upper lobe I closed the incision. According to prescription I instituted 
airtight drainage of the pleural cavity. The patient was summoned up several times 
to remove by coughing the residual air from the chest. Its bubbling through the 
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tube end placed under water was checked. For a few days blood-tinged serum 
drained through the tube, later it progressively became more cellular in character. 
On February 22 it became evident that the bronchus was open. The discharge be- 


came purulent. We started irrigation of the thoracic cavity with azochloramide 


solution. In the eighth postoperative week the rubber tube could be removed, and 
spontaneous closure of the thoracic fistula ensued. ‘The entire postoperative course 
was characterized by subfebrility. After another three to four weeks, the patient 
recommenced to have sputum and again became febrile. A new fistula formed in the 
wound of the thoracotomy, from which foul smelling pus discharged. After closure 
of the fistula, the patient became symptom free for several weeks, but soon the same 
troubles reappeared. Recurrences followed at intervals of from three to four weeks. 
Fluid injected into the fistula appeared in the sputum, demonstrating the presence 
of a bronchial fistula. We treated the fistula with a 40 per cent silver nitrate solu- 
tion. This condition persisted for about four months. At the end of July, 1936, 
the fistula permanently closed; at its site the skin retracted and became pigmented. 


The patient feels cured. 


CasE 3.—H. R., aged thirty-five years. His illnesss started acutely in 1930 (prob- 
ably pneumonia or pleurisy). He is expectorating the daily amount of 200 c.c. of 
mucopurulent sputum. Sedimentation speed is 18 mm. in one hour, 46 mm, in two 
hours. Colloid lability test 2+. Body weight 56.80 kg. ‘he patient has no fever; 
his general condition is excellent. X-ray examination disclosed typical sacciform 
bronchiectasis of the left lower lobe, situated chiefly in the costovertebral angle. As 
I decided to do a one-stage lobectomy, I first wished to institute a preliminary arti- 
ficial pneumothorax treatment. This, however, proved to be unfeasible. On x-ray ex- 
amination some air was visible in the pleural cavity, but the patient complained 
of distress, and as after each repeated attempt to introduce more air there was a 
febrile reaction, we discontinued further experimentation. Presuming the presence 
of extensive pleural adhesions, I gave up the plan of one-stage transpleural opera- 
tion, On September 26, 1936, according to the extrapleural method, I resected the 
seventh, eighth, and ninth ribs paravertebrally, together with the intercostal struc- 
tures. In the belief that the pleural cavity was obliterated I at once proceeded with 
the isolation of the lobe. However, to my greatest surprise I entered the free pleural 
cavity, and after a few thin pleural adhesions gave way, I saw the completely col- 
lapsed left lung. In this emergency situation it occurred to me to resort to the 
method recently described by Nissen, who used it when he faced a similar situa- 
tion after plug preparation. I placed a rubber catheter around the hilus, ready 
for being tied, surrounded the lobe with gauze packs, and closed the wound 
partially. The removal of the lobe could still be accomplished, but the patient 
died of sepsis on October 3, 1936. Autopsy disclosed suppurative pleurisy, 
fibrinous pericarditis, and myocardial degeneration. Aside from an accessory 
left lobe, the collapsed left upper lobe showed no other pathologic change. 
The disaster was due to the appearance of circulatory troubles in the ligated lobe 
before the upper lobe had time to expand and before the field of operation could be 
walled off by protecting adhesions. 


Case 4.—S. J., female, aged twenty-three years. Her symptoms date back to 
childhood. Since February, 1935, her condition is rapidly declining. She has the 
daily amount of 200 to 300 ¢.c. of foul smelling sputum; her breath is offensive. 
Sedimentation speed 28 mm. in one hour, 42 mm. in two hours. Colloid lability test 
2+. At times she has fever. Body weight 62.50 kg. Her general condition is good. 
X-ray examination disclosed sacciform dilatations involving the entire left lower 
lobe. Operation according to the method of Brunn was performed on February 
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17, 1957, after the usual preoperative management. The pleural cavity was found 
to be completely free, and the lower lobe showed no gross pathologic change. No 
difficulty was encountered in securing the structures of the hilus separately. The im- 
mediate postoperative course was uneventful. On the twelfth day unequivocal signs 
of opening up of the bronchial stump made their appearance. The discharge be- 
same purulent. The condition of the patient was satisfactory throughout. Spon- 
taneous closure of the fistula ensued in April, 1937. 


SUMMARY 


Sixteen consecutive extrapleural lobectomies are reported. In 14 
eases the right lower lobe, and in 2 eases the left lower lobe was removed. 
Of the cases mentioned 1 patient remained unimproved, 5 patients im- 
proved, and 6 completely recovered. There were 4 fatalities in the 
series, 2 of which were due to pneumothorax complication, 1 to 
thrombosis of the pulmonary artery, and 1 to suppurative pericarditis. 
Of another 3 patients operated upon, according to the technique of 
Brunn, 2 recovered, 1 died. In this latter case death was due to 


pathologic changes in the left upper lobe which escaped detection. 


One patient operated upon according to Nissen died. The latter 4 
cases were left sided. All of the 20 operations were performed for 
bronchiectasis. After a brief discussion of the merits of both the extra- 
pleural and intrapleural methods, the author comes to the conclusion 
that in the surgical treatment of bronchiectasis the extrapleural method 
must also be classed among the procedures to be considered. 

Nore.—Since the preparation of this article another patient has been successfully 
operated upon, by the method of Brunn. 











In Memoriam 


HAns CHRISTIAN JACOBAEUS 
1879—1937 


The death of Hans Christian Jacobaeus, Honcrary Member of the 
American Association for Thoracic Surgery oceurred cn October 29, 
1937. He was born cn May 29, 1879, in Scania, a southerly prevince 
of Sweden. Edueated in the ancient universities of Lund and Stock- 
holm, Jaecbaeus rose to the eminent position of Professor of Medicine 
at the Caroline Institute, and head of its Second Medical Clinic. He 
was a member of the Royal Medical Board and from 1925 Chairman 
of the Nobel Committee of the Caroline Institute. 

After early work in the clinical and pathologic laboratories Jaco- 
baeus interested himself in the subject that was to bring ‘him world 
fame. He started with the cystoscope to inspect disease processes in 
the pleural and peritoneal cavities, publishing his observations in 
1910. Having actually seen the pleural adhesions that prevented an 
adequate collapse of the lung by artificial pneumothorax he next 
worked out his method for severing them with the galvanocautery. 
With Hj. Tidestrém he published in 1914 the first paper on closed 
pneumolysis, ‘‘A New Method of Removing Adhesions in the Pneumo- 
thorax Treatment of Pulmonary Tuberculosis.’’ 

In later publications Jacobaeus described the technique and indiea- 
tions for his operation with such thoroughness that only minor modi- 
fications have been added by others. Closed pneumolysis was quickly 
adopted by the medical world and stands today as an operation of 
unquestioned value in the treatment of tuberculosis. 

In recent years Jacobaeus and his pupil Bjérkman worked actively 
to perfect a method for determining the function of each lung sepa- 
‘ately. «His scholarly paper on this subject with its far reaching 
physiologic and clinical applications awakened the interest and en- 
thusiasm of our Association at the 1937 annual meeting. 

While foreign countries may honor Jacobaeus as scholar and scien- 
tist, the touching tributes of his Swedish colleagues bear witness to 
the love and affection his countrymen held for Jacobaeus the physi- 


cian and man. 
Edward D. Churchill. 





